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CONCRETE IN 1920. 


IN our last New Year Number we made a special feature of illustrations and 
descriptions of a large number of reinforced concrete structures, and this was so 
well received that this year we are repeating the feature in the hope that the 
number and variety of these illustrations will impress those about to embark 
on constructional work with the extent to which reinforced concrete is now being 
used, particularly by industrial undertakings and such concerns as gas, water, 
electricity, dock and harbour, and other authorities. Within the scope of a 
journal we can only hope to illustrate a fraction of the vast amount of reinforced 
concrete work now going on, but these photographs, together with the long lists 
of works in hand by the principal firms, should be sufficient to convince the most 
conservative that reinforced concrete is not a new material but one that has proved 
Ms Value as a structural material, and one that is being adopted as the most 
suitable and economical material for practically every type of constructional 
Work. Many notable reinforced concrete structures have been in progress or 
completed during the past year, such as the new building for Carreras, which will 
be the largest reinforced-concrete factory in London and on which a serious 
attempt Will be made to carry out a colour scheme with the use of pre-cast eleva- 
tons ; the new Border Bridge at Berwick which, with a total length of 1,405 feet, 
and arches up to 360 ft., is the largest reinforced-concrete bridge yet under- 
taken in this country ; the Lea Valley Viaduct, which has received unanimous 
‘ommendations from the architectural profession on account of its artistic 
treatment : and many others. The use of rapid-hardening Portland cement to 
*xpedite construction has met with great success, as may be seen from the fact 
that, to cite one instance only, a four-story factory at Wembley covering 17,000 
Superficial feet was completed within six months. 

In Wishing our readers and the concrete industry a Prosperous New Year we 
ЫГ doubt whatever of the enormous scope for the extended use of the 
matenal in which we are interested, and which, as this number shows, has 


тае | ын | E 
ready found its place amongst the princ pal building materials within a short 
Pied of thirty years or so. 
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REINFORCED BRIDGE OVER THE ELORN, BREST. 


Reinforced Concrete Bridge at Brest. 


ARCHES OF 600 FT. SPAN. 


BY LESLIE TURNER, B.Sc., A.M.Inst.C.E. 
(Concluded.) 


Anchors. 


ANOTHER novel feature is the use of re- 
inforced-concrete anchors. They take 
the form of a cone the bottom half of 
which has been turned up at the equiva- 
lent angle as shown in Fig. 12, which is 
a section through a diameter. They are 
of thin section (light enough to float) and 
converge at their apexes to a bollard-head 
at their centre. One of these is clearly 
shown on Fig. 14 to the top right-hand 
quadrant of the large circular coffer dam. 
A bung-hole is left at the bottom and 
temporarily filled. After casting and 
maturing on the shore they are launched 
and towed out to a suitable point up or 
down stream. The bung is then pushed 
out by means of a rod from a boat and 
the anchor sinks to the river bed, where if 
necessary it сап be loaded. А hawser 
made fast to the head is led to a buoy, 
which with others are required for manceu- 
Vring the caisson described later. 


_ The Approaches. 
Coming now to the bridge proper, we 
have first the approaches. The south one 
is nearing completion and is illustrated in 
Fig. 13, which is a photograph taken dur- 


ing construction. As will be seen, it is 
a viaduct supported on piers, I-shape in 
plan, at about 60-ft. centres, varying in 
height up to 135 ft. They are cast in 
situ from the mould within the climbing 
cradle, which is hoisted from time to time 
on the concrete already poured and set. 
It will be observed that inverted corbels 
are left at intervals to prop the pier until 
the decking firmly connects it to its 
neighbour. 

The shuttering for the deck beams and 
slab and parapet is supported by four 
timber trusses slung or supported from 
corbels near the top of the piers. The 
formwork is sectional, but of timber. 
In this portion of the work, and gener- 
ally for the permanent work above high- 
water level, ordinary Portland cement is 
used for the concrete. The proportions 
used are 2:86 parts of coarse aggregate, 
2 parts of mixed sand and stone dust, 
to 1 part of Portland cement. 

The north approach will be of similar 
construction. 


Abutments. 


Here again the southern side is nearest 
completion, and is clearly illustrated in 
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Fig. 14.—Southern Abutment: View from Top of Mast. 


Fig. 14 photographed from the top of the 
south mast. The ring, inside which the 
abutment and springing have been con- 
structed, is merely temporary and serves 
as a coffer-dam. It is 92 ft. in diameter, 
I2 in. thick, built in situ during low tides 
of Portland cement concrete lightly rein- 
forced. At its base it rests on firm rock 
and in places descends below low-water 
level and so required diving work in the 
early stages of its construction. The rim, 
however, is about 6 in. above highest 
water level, so that the work within is 
maintained practically dry and can be 
carried on continuously irrespective of 
tides. The greatest depth of the cylin- 
drical wall is about 35 ft., of which 5 ft. 
is permanently submerged. It will here 
be noticed that the tidal range to be dealt 
with is in the neighbourhood of 30 ft. 

The foundations for the hollow piers at 
the abutments are plainly visible, also the 
back of the springing itself in Fig. 15, 
taken from lower down. 

А front view of the latter is given in 
Fig. 16, showing the lap reinforcement to 
the arch ribs projecting from the mass of 
cyclopean masonry or concrete of which 
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the block is composed. The boulders 
used here are again selected pieces from 
the quarry and occupy about 30 per cent. 
of the mass. 

As previously mentioned, all founda- 
tions, including abutments, are taken 
down to firm rock, and the abutments are 
solid up to the springing of the arches, 
where the latter become hollow rectangu- 
lar tubes. <A similar procedure is being 
adopted on the north bank, where the 
partially completed circular coffer-dam 
will be seen in Fig. 8 a few feet above 
water level. As already mentioned, they 
are temporary and will be broken up and 
cleared away in due course. 


Piers. 


The boldest feature of all the work so 
far is the making, launching, and the in- 
genious emplovment of a caisson, or div- 
ing bell entirely of reinforced concrete, 
weighing in all some 9oo tons. Fig. 17 
gives an idea of its size when compared 
with the men on the foreshore. 

It was cast on the south bank, built up 
on three sand boxes (themselves rein- 
forced concrete cylinders filled with sand) 


“Sursujidg pue jusunnqy urəu)noS— sI ‘SIA 


= 
< 
Re 
44) 
E 
Re 
o 
“4 
44 
= 
ы 
ёс 
“4 
ы» 
o 
x 
Q 
m 
[a 
RQ 
л 
© 
Re 
= 
5 
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which at the appointed time were tapped 
and the caisson let down on to trolleys 
and rails, thence launched on a favour- 
able tide, and towed across the stream to 
the position of the north pier. Fig. 20 
shows this huge pre-cast structure being 
manceuvred into its first location. The 
timber boxes projecting along the longer 
sides are to provide added buoyancy when 
floating out. 

The design of the caisson is shown in 
the sketch in F:g. 18. The lower portion 
will eventually form a permanent part of 
the job, namely, the south pier; the top 
cylindrical work, however, above PP, is 
for executive purposes only, and will be 
knocked away when its function is ful- 
filed. It will be seen that the working 
chamber is about 6 ft. 6 in. deep by about 
59 ft. long and 52 ft. wide. Above this 
are sixteen airtight compartments for fill- 
ing or voiding of ballast as required. 
This brings us up to the level (PP) of the 
permanent work, above which are three 
cylinders of concrete about 2 in. thick 
supporting the top working deck (T7) and 
housing the access shafts and air locks 
admitting to the working chamber. 
There are two shafts for material and one 


Fig. 16.—Springing from Riverside : 
showing Cyclopean Concrete. 


for personnel. The temporary timber 
upper deck (TT) carries Ingersoll Rand 
compressors in duplicate for supplying air 
below, a small timber gantry for handling 
material, and all such essential equipment. 
The whole of this shell is executed in 
aluminous cement concrete in the follow- 
ing approximate proportions : stone, 1:75 
parts; stone dust and sand, 1-26; to 1 
part aluminous cement. 


Fig. 17.—View of Caisson before Launching. 
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The north pier was selected for the 
earlier construction on account of its 
lesser depth, due to a submerged hillock 
on the river bed. By means of the an- 
chors previously described the caisson or 
bell was held in position while water was 
admitted and thus gradually sunk into 
position on three prepared seatings. 
When sufficiently ballasted to render it 
stable and firm against all tidal conditions, 
compressed air was pumped into, there- 
by replacing the water in, the working 
chamber, which was thus rendered avail- 
able for workmen. The bottom of the 
river was first prepared and the actual 
construction of the north pier begun. 
The subaqueous operations are continu- 
ous; when the writer visited the job, 
twenty men were at work and there were 
three shifts of 8 hours per day. The pres- 
sure of compressed air has to be varied 
naturally with the rise and fall of tide. 
The compressors on deck are kept active 
and the excess of air escapes beneath the 
river and rises in bubbles around the bell. 

It must be appreciated that in this 
position the caisson is being employed 
simply as a diving bell, the immediate 
object in view being the construction of 
the north pier within the working space. 
This is accomplished by filling the cham- 


Fig. 19.—Cableway Trolley and 
Operator's Box. 
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Fig. 20.—Caisson being Floated into Position. 


ber as high as possible with concrete 
in stages and divisions, allowing it to 
harden; then raising the whole caisson 
bv the aid of Tangye hydraulic jacks ; 
filling up the height gained by inserting 
pre-cast concrete discs or packing pieces ; 
and the process continued successively. 
The method is illustrated diagrammatic- 
aly in Fig. 18. 

In this manner this pier can be brought 
up solid until its upper surface is high 
enough for intertidal work. After being 
brought to this height the caisson will be 
unballasted, refloated, and towed into the 
position of the southern pier, where it 
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will be grounded in its final position in 
deeper water than the first pier. Here 
the permanent portion will be filled up 
solid with concrete, the superstructure, 
air locks, shafts, etc., cut away, and the 
whole shaped up to take the springings of 
the ribs. 

When it is realised that the position is 
such that an ugly sea and gale will follow 
a calm within a few hours and without 
warning, it will be conceded that the con- 
tractors and designer have grappled with 
the problems of this difficult and unprece- 
dented undertaking with an ingenuity and 
audacity that evoke our sincere admiration. 


The Concrete Year Book, 1927. 


THE 1927 Edition of the ‘Concrete 
Year Book," edited by Oscar Faber, 
О.В.Е., D.Sc., M.Inst.C.E., and H. L. 
Childe (Editor of Concrete Publications 
Limited), is now ready. This year the 
volume is still further enlarged to 440 
pages. It is now іп its fourth year, and 
Is a standard work of reference in the 
concrete world. 

The Handbook Section contains 
authoritative chapters on practically 
every aspect of concrete and reinforced 
concrete design and construction, em- 
bracing the latest practice at home and 
abroad. No attempt is made at giving 
individual opinions, but to present in 
concise and convenient form specifica- 
tions or methods which are either stan- 

dard practice or recommendations for- 
mulated after thorough investigation 
by competent bodies. Tables for 
reinforced concrete design, a great deal 
of memoranda of everyday use, a com- 
plete bibliography of books on concrete 
and allied subjects, etc., are included. 

The whole of this section, of over a 

hundred pages, has been thoroughly 

revised and brought up to date. 

The Directory Section is the only 
complete directory of the concrete 
industry published in this country, 


classified under different headings for 
ease of reference, and the enlargement 
of this section is largely responsible for 
the increased size of the volume. It 
includes all new entries and changes of 
addresses received up to the middle of 
December last,and further sections have 
been included for ease of reference. A 
new feature this year is a classification 
of the “ Machinery and Plant" and 
“Concrete Products ’’ Sections, under 
which all kinds of machinery and pre- 
cast concrete are listed together with 
manufacturers’ names under separate 
headings. A complete list of trade 
names and brands in use in the industry 
is a valuable feature. 

The Catalogue Section contains full 
particulars of the businesses or products 
of a large number of firms connected 
with or catering for the concrete indus- 
try, and is invaluable to anyone seek- 
ing a firm of contractors to carry out 
special kinds of work, or a machine or 
product for a special purpose. This 
section is also considerably increased 
In size. 

The volume may be obtained (price 
2s. 6d. net ; by post 3s.) from Concrete 
Publications Limited, 20 Dartmouth 
Street, Westminster, S.W.r. 
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Concrete at Bevans Cement Works. 


THE new Bevans Works at Northfleet of 
the Associated Portland Cement Manu- 
facturers, Ltd., is now rapidly nearing 
completion. Ultimately the output will 
be 10,000 tons a week, so that it can 
claim to be the largest cement works in 
Europe. This large output will be 
obtained with four rotary kilns 250 ft. 
in length and суеп tubular grinding 
mills. The simplicity of this plant is in 
marked contrast with the process used 
at the beginning of the present century, 
when the same output would have 
required no less than доо kilns of the 
capacity then in use. 

Naturally the buildings, silos, wash- 
mills, and other structures are practically 
all constructed of reinforced concrete, 
and in addition there have been many 
minor applications of reinforced concrete, 
such as elevator towers, hot-air flues, etc., 
described in the following notes. In con- 
junction with the works a reinforced 
concrete jetty of unique design has been 
built to allow large vessels to come 
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alongside ; we shall describe this jetty 
in a future number. 

At the start of the construction very 
great difficulty was experienced in obtain- 
ing a sufficient supply of skilled labour, 
and every endeavour was made to econom- 
ise in this respect. For this reason princi- 
pally “ Metaform " steel shuttering was 
introduced and used wherever possible. 
In fact, it may be said that timber shutter- 
ing was only used for difficult corners and 
special designs of which there was not 
enough to warrant the expense of special 
steel forms. Wherever there was a 
straight piece of work these forms were 
used and gave very satisfactory results 
both from a cost and speed point of 
view. 

“ Ferrocrete ” rapid-hardening Portland 
cement was used almost exclusively for 
all the reinforced concrete, and although a 
large proportion of the work was done in 
extremely cold weather it was nearly 
always possible to get a lift on wall work 
every day. When this was not achieved 
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Fig. 1.—Clinker Hoppers. 


the delay was not due to the concrete 
being too green, but to some other cause, 
such as the volume of shuttering being too 
large to handle in the time, or the volume 
of concrete being too great. 

An incident of considerable interest 
occurred during the construction of the 
clinker hopper. One of the floor slabs, 
which was about 2 ft. thick, was poured 
just before a spell of frost lasting about 
ten days. During the whole of this 
period, although the ground was frozen 
hard all around, there were no signs of 
freezing on the slab, on which stood 
shallow pools of water. It is evident that 
“ Ferrocrete ” іп setting develops quite ап 
appreciable quantity of heat which at least 
very considerably reduces the risk of 
freezing. 

Washed sand and ballast was used 
exclusively and this was supplied by the 
Stone Court Chalk, Land & Pier Co., Ltd. 
Practically throughout the work a stand- 
ard mix of 4 cu. ft. of ł-in. ballast, 2 cu. ft. 
of іп. sand and т cwt. of cement was 
used, and 6-in. test cubes were taken 
nearly every day on various portions of 
the plant. These cubes were filled by the 
ordinary workmen from a batch actually 
being poured on the job, and no special 
tamping or precautions were permitted. 
The average crushing strength of the 
concrete at seven days was about 
4,000 lbs. per sq. in., and at 28 days 
5,000 lbs. 


Clinker Store. 


One of the largest, and possibly the 
most interesting, structure is the clinker 
Store,which is shown in Figs. I to 4. This 15 
173 ft. by 81 ft., and 47 ft. deep at its 
deepest point. It is capable of storing 
15,000 tons of clinker. 

_ About three-quarters of the total load 
IS carried on the solid chalk or on old 
brick walls 3 ft. thick which used to 
support drying floors. The spaces be- 
tween these walls have, however, now 
been filled, and the floor of the hopper at 
this point is carried on the old walls ; 
the slab for this has been made sufficiently 
strong to span from wall to wall, as it was 
not considered that the new filling could 
satisfactorily be made to carry any load. 

15 slab in some cases reaches a 
thickness of 18 in., and is reinforced 
with about 0-75 per cent. of steel in 

I-in. diameter bars. 

As will be seen from the drawings, the 
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front portion of the hopper for a width of 
10 ft., and the entire length, is carried on 
a series of concrete columns. The floor 
of the hopper is of heavy beam and slab 
construction, of rather a complicated 
nature owing to the necessity for pro- 
viding fourteen hopper-shaped outlets in 
the length. As the load per square foot 
here is about 5,000 lbs., it will be under- 
stood that some of the beam work is very 
heavy. Most of the reinforcing bars are 
about 14 in. diameter, and the slab is 
14 in. thick in most parts. Some of the 
beams have as much as 18 square inches 
of steel. 

A peculiarity of the design of this 
hopper is that, if the hopper is filled up 
till the heap of clinker dies out at the toe 
of the slab, the front wall for about three- 
quarters of its height has no opposing 
wall to give a reaction, and the tie (see 
Fig. 2) which keeps the wall up has an 
anchorage in the horizontal slab only. 
At first sight this may appear a rather 
hazardous and uncertain arrangement, 
but further consideration makes it evident 
that as the clinker in the hopper is at 
rest or in equilibrium all the pressure on 
the front wall above slab level must be 
balanced by the friction of the clinker on 
the slab. The ties are, therefore, made 
to die out gradually in the slab. 

When the hopper is filled still farther, 
50 as to reach the top of the existing back 
wall (see Fig. 2), the case is somewhat 
altered. Considering a vertical section 
immediately outside the slab, it is evident 
that there is a horizontal thrust on the 
hopper clinker with no visible tension 
member. The whole hopper, together 
with its load, must therefore be receiving 
this thrust, and as there is no other 
balancing force it is evident that the 
thrust must be countered by the friction 
of the underside of the slab on the sup- 
porting chalk, old walls, etc. Calcula- 
tions carried out on this assumption 
reveal that the structure is quite safe. 

Another feature in the design of this 
hopper is the anchorage for the end walls. 
Owing to the requirements of the sur- 
rounding plant it was not possible to have 
large buttress walls, and in effect these 
walls have been treated as vertical beams 
tied together at the top and the bottom 
—at the top through the steelwork carry- 
ing the conveyors, and at the bottom 
through the bottom slab. 

The top anchorage is further held, at 
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about its centre point, by being fixed to 
the heavily buttressed partition wall 
which forms a partition near the centre 
of the hopper. 

The consulting engineer for the hopper 
was Dr. Oscar Faber, O.B.E., D.Sc., 
M.Inst.C.E. and the construction was 
carried out by Mr. J. B. Lingham, of 
Northfleet, under the supervision of the 
Company’s own Engineer. 


Cement Silos. 


Most of the cement made at these 
works is stored in circular reinforced 
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concrete silos, each capable of holding 
2,000 tons of cement. There are at 
present eight of these silos, in two rows 
of four as shown іп Figs. 5to8. It is, how- 
ever, probable that this Number will be 
considerably augmented in the near 
future. 

Each silo is 32 ft. diameter and 84 ft. 
high from ground level. Considerable 
space at the bottom is, however, taken 
up with the tunnel and cement extracting 
mechanism. Four of the silos are plain 
circular tanks above tunnel level, and the 
design of these is therefore comparatively 
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Fig. 3.—Clinker Hopper. 
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simple. The remaining silos, however, 
are each subdivided into bins with a well 
and staircase up the centre. This is 
done in order to comply with customers' 
requirements when cement to a special 
specification is required, and holes are 
arranged at each landing of the staircase 
so that samples for testing purposes may 
be drawn from any bin and at any depth. 

The addition of these partition walls 
considerably complicates the design, as not 
only must the partition wall be capable of 
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standing up when adjacent bins аге empty, 
but the outside wall must also be strong 
enough under these conditions. If all 
the bins are full the outside wall is 
obviously in pure tension, but if this 
tension is removed through some of the 
bins being empty, part of the load must 
be carried by the wall as a curved beam. 

In the present case this has resulted in 
the thickness being increased on an 
average by 4 in. The area of the steel 
is, however, on the average, lower, as the 
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Fig. 6.—Cement Silos. 
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Fig. 7.—Cement Silos. 
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reduction in horizontal pressure in the 
small bins more than compensates for the 
extra steel required to take up the 
bending stresses. 

The horizontal pressures were cal- 
culated by Janssen's formule, and these 
vary from 850 lbs. рег sq. ft. at the 
bottom of the plain circular bins to 
340 lbs. in the case of the partition bins. 

At the bottom of the plain silos is a 
tunnel with a roof of 11 ft. 3 in. span, on 
which the pressure per sq. ft. is 3,500 lbs. 
The foundations are on solid chalk and 
a pressure of 5 tons per sq. ft. has been 
allowed here. 

These silos were built to designs pre- 
pared by Messrs. Edmond Coignet, Ltd. 


Coal Mill. 


Ihe coal mill is built entirely of rein- 
forced concrete, and measures 65 ft. by 
41 ft. by 32 ft. to the eaves. 

The construction consists essentially 
of 18 In. by 18-in. piers reduced to 18 in. 
by 12 in. at the top and spaced at about 
12 ft. 6 in. centres. The space between 
the piers is filled in with reinforced con- 
cete walls 6 in. thick. The columns, or 
piers, are each reinforced with four j-in. 
diameter rods with }-in. diameter lacing, 
and the walls have }-in. vertical rods 
Spaced about 4 ft. centres with j-in. 
horizontal rods at a pitch of 12 in. 


Raw Coal Hopper. 
The coal mill contains a small rein- 
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forced concrete coal hopper used for the 
supply of coal to the grinding mills. Its 
capacity is about бо tons. Fig. 9 shows 
the general outline. The hopper is 58 ft. 
long by 9 ft. wide, outside dimensions, 
and is provided with six outlets, one to 
each grinding mill. There is also a par- 
tition in the centre, so that one-half can 
be cleaned out, or a block cleared, while 
the other half remains at work. Two 
parallel rows of 12-in. square reinforced 
concrete columns support the hopper at 
about 12 ft. above floor level. It may 
be noted that these columns have no 
bracing; lateral stiffening is, however, 
provided by the top deck which runs 
from end to end of the building. 

The reinforcement throughout is round 
steel bars varying from 2 in. diameter in 
the column and main beams to 4 in. 
diameter in the slabs. In order to avoid 
complicated and expensive shuttering 
the floor of the hopper was made flat in 
longitudinal section, and the corners 
were filled in with dry filling and faced 
with concrete. 


Powdered-Coal Hoppers. 


Adjacent to, and forming one side of, 
the coal mill is the powdered-coal store 
shown in Fig. 10. This hopper is 64 ft. 
by 20 ft. by 39 ft. high to the top deck, 
which carries the feeding conveyors. The 
net capacity of the hopper is about 400 
tons of powdered coal, and, as in the case 
of the dry coal hopper, a partition wall 
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Fig. 8.—Cement Silos: Detail over Tunnel. (See Fig. 7.) 
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FART. PLAN of TOP PART PLAICE 


Fig. 9.—Raw Coal Hopper. 
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СОХСКЕТЕ АТ BEVANS CEMENT WORKS. 


is provided so that half may be emptied 
if required without interrupting the work- 
ing of the other half. 

As the ground was rather uncertain 
here, it was not considered advisable to 
impose a load exceeding 1 ton per square 
foot, and the supporting columns, which 
are tee-shape, are therefore carried on 
two parallel beam-and-slab foundations. 
This gives an area of 1,400 sq. ft. and a 
foundation load of rather less than the 
above figure. 

The hopper is peg-top shape in cross 
section, but flat bottomed in longi- 
tudinal section in order to avoid expensive 
shuttering, the corners being dry filled 
and covered with concrete. 

The main load is transferred to the 
columns by a series of cross beams 7 ft. 
deep, which in turn carry the inclined 
slab and beam construction forming the 
bottom. 

The vertical walls of the hopper, which 
vary from 6 in. to 12 in. thick, are 
divided into panels of 16 ft. centres (the 
same spacing as the columns) by internal 
vertical beams tied together top and 
bottom, and the wall is treated as a slab 
carried by these beams. 


CONCRETE! 


The top of the hopper is completcly 
enclosed by a beam and slab construction. 
The reinforcement consists entirely of 
round rods varying from 1} in. diameter 
in the main beams to š in. and } in. in 
the slabs. 


Slurry Mixers. 

These are shown in Fig. іі. They are 
plain circular tanks made of reinforced 
concrete, with nothing remarkable in the 
design except the size. They are 66 ft. 
diameter and hold about 1,500 tons of 
slurry. The circular form was obtained 
by the use of straight ‘‘ Metaforms.'"' 


Elevator Casings. 


An interesting feature of the coal and 
cement-handling plant is that the elevator 
casings (Fig. 12) are of reinforced concrete. 
This is a particularly useful arranger ent 
for coal handling, as it is found that steel 
casings only last two or three years under 
the combined corrosive action of moisture 
and sulphur in the coal. 

These casings are in some cases 6o ft. 
high, and are made of 24-in. thick con- 
crete, reinforced with expanded metal 
with one í-in. diameter rod in each 
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Fig. 12.—Concrete Elevator Casings. 
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СОХСЕЕТЕ AT BEVANS CEMENT WORKS. 


corner. Cast-iron door frames are built 
in at suitable points to give access to the 
gear, and at the top of the casing the walls 
are thickened up to receive a base plate 
carrying the top gear. 

A further point of interest is that the 
walls of these elevators, 23 in. thick onlv, 
were built with “ Metaforms ” and were 
found to be absolutely plumb for the whole 
height of бо ft. when tested. 


Footbridge. 


Passing through the works is a right- 
of-way, a considerable portion of which 
is at a high level and which in the old 
plant was on solid ground. Under the 
reconstruction scheme it was found neces- 
sary slightly to divert this path, and also, 
for convenience in getting about the 
works, to cut away the supporting 
ground down to the general factory level. 
This left the path in the air, and also on 
a curve, for a distance of about Igo ft. 

Various schemes were suggested to 
carry this path, but finally it was decided 
to build the substantial reinforced concrete 
bridge shown in Figs. 13 and 16. This 
bridge consists of six spans of 32 ft., each 
rising from a height of ro ft. at the lower 
end to 20 ft. at the higher end above 
normal ground level. The width of the 
path is 8 ft. The spans are carried on 
1541, square columns in pairs, joined 
and braced together at the top by a deep 
beam so as to form а trestle. The design 
was further complicated by the fact that 
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a 9-in. gas main had to be carried, and 
this is passed through a hole in each of 
the beams. 

The bridge spans each consist of a pair 
of tee-beams with the upper flange form- 
ing the deck of the bridge. The beams 
are 2 ft. 6 in. deep, and the deck slab 
6 in. thick. 

As it was desirable to prevent loitering 
on the bridge as much as possible, the 
sides are entirely enclosed to a height of 
6 ft. by a concrete slab-and-post con- 
struction. The method of doing this was 
rather novel, and is worth describing in 
some detail. It will be noted from the 
drawing that the posts are about 8 ft. 
apart, and the moulds for these and also 
for the top rail were made in halves 
longitudinally. In putting these halves 
together, a sheet of ''Trussit '" about 
1} in. larger all round than the panel 
was clamped between them and the 
concrete for the posts and rails poured. 
At the same time the concrete rail at 
deck level was poured so as to enclose 
the lower edge of the sheet. After the 
posts had hardened the shuttering was 
removed and the mesh reinforcement 
plastered both sides. 

The reinforcement throughout соп- 
sists of round steel bars varying from 
I} in. diameter to j-in. diameter in the 
slab. 


Hot-Air Flues. 
In various other plants of the Company 
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ENLARGED SECTION av АА” 
Fig. 14.—Hot Air Flues in Concrete. 
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CONCRETE АТ BEVANS CEMENT WORKS. 


SECTIONAL FILAN! 


ayo ROOF. 
Fig. 15.—Hot Air Flues in Concrete. 
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the brick-built hot-air flues to and from 
the coal dryer have given considerable 
trouble with air leaks through cracks 
caused by temperature expansion, and, 
even when made of reinforced concrete 
there was not much improvement with 
any reasonable reinforcement. 

In the flues at Bevans an attempt has 
been made to overcome these difficulties 
by hollow wall reinforced concrete con- 
struction, and so far this has proved quite 


— 


and on both sides of these bars '' Trussit ” 
is wired and plastered. The effect of 
this is to leave an air space equal to the 
diameter of the round bar between the 
two plastered slabs. 

The plaster on the inside or hot side 
of the flue was composed of 1 part of 
Portland cement to I of ground бте. 
bricks, and on the outside 1 part of 
Portland cement to 2 parts of sand. The 
theory of the construction is that the 
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Fig. 16.—Reinforced Concrete Bridge. 


successful. It will, however, be some 
time before a definite verdict can be 
pronounced. The temperature to be 
handled is about 400 deg. Fahr., but may 
go up to 600 deg. Fahr. 

The design is shown on Fig. 14 from 
which it will be seen that the walls 
consist of two plastered slabs 1} in. 
thick with an air space between. The 
framework is made up of angle or tee 
bar, to which are clipped r-in. diameter 
mild steel bars at about 2 ft. 6 in. pitch, 


28 


inside plaster takes the brunt of the heat, 
and probably cracks, but the outside 
plaster and main framing remain com- 
paratively cool. 

Another type of flue to handle gases 
the temperature of which does not go 
above зоо deg. Fahr. is shown at Fig. 15. 
In this case a light angle framework 
supports ''Trussit" or similar metal 
lath, which is plastered on both sides to a 
total thickness of 21 in. or 3 in. with sand- 
and-cement mortar, about 2 to r. 
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Novel Method of Chimney Reconstruction. 


It often happens that an existing chimney 
becomes too small to deal with increasing 
boiler plant and it is necessary either to 
build an additional chimney or a chimney 
lage enough to meet the requirements, 
aftertheerection of which the old chimney 
can be demolished. This is simple where 
the necessary space is available, but it is 
often found that the only room for the new 
chi mney is where the old one stands, and 
the problem then becomes more difficult. 
It is essential to prevent the stopping of 
the boiler plant, and also the cost must be 
taken into consideration. 

The photograph shows how the problem 
has been solved in the case of a 200-ft. 
chimney at West Thurrock. The chim- 
ney is circular, and it was found that the 
area of the opening was about 50 per cent. 
too small, which meant that the diameter 
ought to be increased by about 1 ft. ro in. 
There was no site available for building an 
additional chimney, and the question was 
how to solve the problem without inter- 
fering with the working of the boilers. It 
was finally decided to erect a new rein- 
forced concrete chimney round the 
existing chimney, which latter will 
then be demolished inside the new chim- 
ney. 

The existing chinmey was built in rein- 
forced concrete, and it was found that the 
existing foundation would be sufficient to 
carry the new chimney, the only difficulty 
being to get a proper connection between 
the foundation and the new shell. The 
difficulty was overcome in the following 
manner. 

5 ан foundation was concreted оп top 
№ In order to get proper 
aa. " а tunnel was made under the 
ы я Be and a heavy ring of rein- 
шог in position. This new 
ис not able to take the full load 
бай nist E chimney, but part of this 
foundation carried directly to the old 

taper of [2 The existing chimney has a 
diameter at mie oe and thus the 
new requirement tom is ample for the 
D-Goncret nts. [t was then decided 

* against the existing chimney 

on the lower 16 ft ; A 
part of th ., and not demolish this 
t e old chimney. In other words 
€ new Chimnev ; : : 
existing on th ү Is partly fixed to the 
this part ¢ € lower 16 ft., and through 


€ stresses are carried direct! 
to the old foundation. did 


Chimney at West Thurrock. 
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NOVEL METHOD OF CHIMNEY RECONSTRUCTION. 


The actual construction of the chimney 
presented several difficulties, which have 
been overcome, and the chimney is grow- 
ing at the rate of 3 ft. 4 in. адау. As will 
be noticed from the photograph, the work 
is being carried out entirely without the 
use of scaffolding, a working platform 
being fixed to the forms by means of steel 
brackets. The outer forms consist of 
three belts, each 3 ft. 4 in. high. The 
inner forms consist of one belt only, as it 
would be impossible to shift any lower 
form belt past higher belts, on account of 
the existing chimney being too near the 
forms. It is essential that the inner 
forms do not touch the existing chimney 


CONCRETE 


during construction, as the movements 


due to wind pressure would prevent a 
proper hardening of the concrete and 
bring the forms out of line. 

As the work is progressing at the rate of 
one belt a day, rapid-hardening Portland 
cement is being employed throughout the 
work, and has given excellent results, both 
with regard to strength and appearance 
of the finished work. The gauging used 
is I part cement to 14 parts sand to 
24 parts shingle. 

The work was designed and is being 
carried out by the Anglo-Danish Concrete 
Construction Co., Ltd., of 7-8, Norfolk 
Street, ТҰЛ 


Cement Works Locomotives. 


WE illustrate herewith the type of locomotive supplied by Messrs. Peckett & Sons, 
Ltd., of Bristol, at Bevans Works of the Associated Portland Cement Manufacturers, 
Ltd. The specification is as follows : Diameter of cylinders, 14 in. ; length of stroke, 
22 in.; diameter of wheels, 3 ft. 24 in. ; number of wheels coupled, 4; wheel base, 
5 ft. 6 in. ; number of brass tubes, 124 ; diameter of brass tubes, 1} in. ; copper fire 
box, à in. and 1 in. thick ; capacity of tank, 920 gallons; capacity of coal bunker, 
IO cwt.; gauge, 4 ft. 81 in. ; weight loaded, 29 tons. 


Locomotive for Bevans Cement Works. 
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REINFORCED GRAIN 51105 AT ERITH, 


Reinforced Concrete Grain Silos and 
Warehouse at Erith. 


À NOTABLE addition to their riverside 
premises at Erith (Kent) has recently 
ben completed by Messrs. Cannon & 
Gaz, Ltd. The structure consists of 
two portions—a battery of silos sur- 
mounted by a conveyor house, and a 
four-story building for use as a ware- 
һовѕе and mill. For convenience in 
bolting down machinery and cutting 
holes for chutes, the flooring in the 
upper floors of the warehouse and mill 


Е AS 
UN 


Ses 


* 
Р 


Ж. ЖА: 
* 
t 


is of timber supported on steel secondary 
joists, which in turn are carried on rein- 
forced concrete main beams. The rest 
of the structure is constructed in rein- 
forced concrete. 

The whole of the building, including 
the ground floor, is carried on seventy- 
four reinforced concrete piles 14 in. by 
I4 in. in section ranging from 25 ft. to 
45 ft. in length. The reinforced con- 
crete columns which stand next to the 


Reinforced Concrete Grain Elevators and Warehouse at Erith. 
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REINFORCED GRAIN 51105 АТ 


existing gable wall are carried on the 
outer ends of heavy cantilever footing 
beams, as may be seen from the longi- 
tudinal section. Provision has been 
made for carrying a future extension on 
the land side of the building. 

Following modern practice, the silos 
are divided into sixteen small bins 7 ft. 
square and 5o ft. deep. 

A new wall was formed along the river 
front of the building by driving a row of 
reinforced concrete sheet piles 25 ft. long 
in front of the existing timber sheeting. 
A feature of the grain-handling plant is 
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ERITH. 
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the swivelling barge elevator which, as 
can be seen from the photograph, is 
bolted to the river face of the mill building. 

The test piles were constructed in 
aluminous cement, rapid-hardening Port- 
land cement being used for most of the 
other piles and for a considerable part 
of the superstructure. Steel “ Blaw- 
forms " were used for the internal walls 
of the silos. 

The contract for the complete building, 
including the supply and erection of the 
plant, was placed with Messrs. Thomas 
Robinson & Son, Ltd., Rochdale. 


D 
[| 
b 


, 
” f. 
\ “2 
Е Р - 
M и , 3 


Reinforced Concrete Grain Silos at Erith. 


REINFORCED GRAIN 51105 AT ERITH. 


| The reinforced concrete work was Sir E. О. Williams, K.B.E., M.Inst.C.E., 
ЫШЫК designed and constructed by Messrs. acted as supervising engineer for the 
SSH - Peter Lind & Co., of Westminster, while owners. 
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IHE THEORY OF BENDING. 


The Theory of Bending. 


THE following is an abstract of a paper 
entitled ‘‘ A New Theory of Bending ”’ 
by Mr. Arthur C. Vivian, B.Sc., Assoc. 
M.Inst.C.E. about to be published by 
the Institution of Civil Engineers :— 

The paper describes a theory of stress- 
distribution on a transverse section of 
a rectangular beam when bent. The 
beam is assumed to be subjected to pure 
bending only, up to the point of fracture. 
The author points out that the usual 
theory of a straight-line distribution of 
stress is only substantiated by practical 
tests over very limited ranges of stress, 
and advances a general formula which 
embraces the straight-line theory as a 
particular case. 

The connection is illustrated between 
the stress-distribution across a plane 
section of a bent bcam and the stress- 
strain diagram of an clastic material, 
and the author questions the definition 
of an elastic material as one which has 
a straight stress-strain graph. He sur- 
mises that the true test of an elastic 
material is that its stress-strain graph 
follows a smooth curve. The term 
“limit of proportionality " is cited to 
support the contention that the straight- 
line theory is suspect. 

Three postulates are stated upon 
which the theory is based. An equation 
is shown to satisfy the three postulates. 
This equation possesses remarkable 
properties, certain of which are set out ; 
and it contains a function termed the 


This term 
some physical 
property which causes different materials 
to have different ultimate moments 
of resistance, even though of the same 


°“ form factor ” of a material. 
is shown to express 


cross section, and apart from their 
difierent ultimate tensile or compressive 
strengths. 

The paper illustrates how, by assigning 
a definite numerical value of form factor, 
the ultimate moment of resistance of a 
rectangular section can be deduced, and 
it provides a method of determining the 
form factor practically. It is also shown 
how the general equation may be made to 
represent the well-known relation bet ween 
extreme fibre stress and section modulus, 
which is based on the straight-line 
theory. 

The author next proceeds to apply 
the theory to intermediate ranges of 
stress. An approximation is resorted to, 
and a graph is given, so that for any 
required limits of design stress an equiva- 
lent form factor may be selected and 
used in the general equation of bending. 
Thus, when the theory is put into practice 
and applied to the design of beams, the 
numerical value of the form factor of 
the material will be required in addition 
to its ultimate tensile or compressive 
strength. 

Mathematical proofs are given of the 
statements advanced, and a method of 
determining the modulus of elasticity of 
a material is described. 


New Letter Office, Mount Pleasant. 


Tur new Letter Otfice for the General Post Office at Mount Pleasant stands on the 


site of the old Coldbath Prison, and was opened for use in July last. 


The building is 


entirely of reinforced concrete, plastered with white cement externally and Keene's 


cement internally. 


The reinforcement, which was designed by H.M. Office of Works, 


consisted of mild steel round rods made up to I} in. diameters, many of the bars being 


over 5o ft. long. 


The concrete was made of 34. ballast and sand from the river Lea. 


The architect is Mr. А. В. Myers, А.К.Г.В.А., of H.M. Office of Works, and the 
contractors Messrs. Galbraith Bros., Ltd., of 71, Waterloo Street, S.E.5. 


34 


= 
>. 
< 
г) 
< 
х 
a, 
3 
> 
D 
S 
= 
3 
< 
RI 
O 
3 
K. 
S 
Ж 
» 
: 
5 
= 


(‘VE `d 226) “Әә ШО 1804 [eJeues) әцу шо) JUBSBI[G запой эв IPJO IINIT MON 


290W24V COR SIM W ‘saad ОМ `V `D] 
` ям | FS $> ON 


ать Cmn = = xwe 


ШИ 1 


35 


7 


/ 


` Aj 2 
-= 1- 


ү 


urn ДС РГН) 


E IRSA 212225 


жу. л 


Ф) 


Q 


BRIDGE IN COLOURED CONCRETE. | | NC 


о. 


M е Эш Е 6 ^ 
2 м d 7. T. - 
Y ыб Кы 4 c Ж.Ж. d 
a — e — ? 


a олны — » 
A” ыл, om Е " 


, Fame 


' P - - — 
á —+ "2 Е 


Ура" e 
279; ае 
Был 7s 


After Widening. 


Reconstruction of Chirk Bridge. (See p. 37.) 
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Bridge in Coloured Concrete. 


CHIRK Bridge, situated in Shropshire оп 
the borders of that county and Denbigh- 
shire on the London-Holyhead Маш 
Trunk Road, spans the river Ceiriog. It 
was built by Thomas Telford about a 
century ago, and is a very fine example 
of that eminent engineer's work. 

Under the widening scheme of the 
London-Holyhead Main Road it was 
found that it was only necessary to 
widen the bridge, and this was done 
by the construction of a new bridge 
alongside, 30 ft. in width, in reinforced 
concrete (Hennebique system). The 
large reinforced concrete arch ribs of 
So-ft. span spring from mass concrete 
foundations and abutments, which in turn 
support the beam and decking forming 
the roadway, the soffit of the arch being 
of light reinforced concrete construction 
so as to carry through the effect of the 
old bridge, the space between the flat 
road decking and the arch being hollow. 

In order to preserve the appearance of 
the old masonry bridge, it was decided 
1. the facework of the new bridge should 

armonise with the old. A combination 
of coloured in situ work for the arch and 
coloured Concrete blocks for the spandrils 
22 112 upon, and as the old bridge 
2 ЧИГ of sandstone and mellowed 
mil 2 Rreat care was necessary to 
о aithful copy. Many experiments 
Ч E to obtain the nearest approach 
dzen 2 WOrk; no less than two 
ee шы colours of a greenish- 
bond seat Were made, and after careful 

| acon of th 1 th 
site against the ev; ese samples on the 
* existing work and natural 


Surroundi 
| ind the desired shade was 
' roporti ; 
matter were ms Portions of colouring 


fully recorded and rigidly 


adhered 
to throughout the construction. 


The soffit of the arch, arch beams, апа 
abutments are in situ. These portions of 
the bridge had to match the boasted ashlar 
of the existing bridge wall. The piers and 
spandrils are of pre-cast concrete blocks 
averaging 9 in. in thickness to match 
the old tooled face and the fine tooled 
border edging to each stone. For this 
purpose plaster casts were made of the 
existing stones and a series of moulds 
made for the reproduction to suit the 
new coursing (the plan on p. 38 shows 
how this was arranged). The old stone 
parapet and string-course was, on com- 
pletion of the new wall, built over the 
new arch. So carefully has the reproduc- 
tion work in concrete been carried out 
that it is difficult to tell which is the 
old stone work reset and which is 
the reproduced work in coloured con- 
crete. 

The photographs of the old bridge 
taken before widening operations com- 
menced and of the bridge as it now 
appears widened show the completeness 
of the reproduction of the old work. 
The drawing on p. 38 shows how the 
coursing of the pre-cast concrete blocks 
was arranged, and the method of bonding 
these blocks into the reinforced concrete 
in situ backing. It also shows the col- 
oured voussoirs, arch, and abutment wall 
in situ work, as well as that portion of 
the old stone parapet and cornice which 
were rebuilt in the new position. 

The work has been carried out for Mr. 
W. H. Butler, County Engineer for the 
Shropshire County Council, by the Rein- 
forced Concrete Construction Co., of 
Manchester, who were also responsible 
for the coloured bridge at Dalemain 
illustrated and described in our issue for 
December, 1925. 


Concrete Silos in Norfolk. 


IN our last 


Unfortunate] number we illustrated two reinforced concrete silos 
У We omitted to mention that these structures were both erected Бу 


in Norfolk. 


for the y, Gurney & Co., Ltd., of Trowse, Norwich, to whom we were indebted 
Photographs, 
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REINFORCED CONCRETE FACTORY АТ ISLINGTON, 


Reinforced Concrete Factory at Islington. 


THE new factory and warehouse premises 
erected by Messrs. Commercial Structures, 
Ltd., at Spencer Street, Islington, is a 
good example of a concrete frame build- 
ing, combining efficiency with a pleasing 
appearance. The building, which is 
planned as a “ daylight " factory, makes 
use of all the permissible window space 
obtainable under the L.C.C. regulations, 
with the result that a light and airy struc- 
ture has been produced in which even the 
ground floor is well lighted. Fig. I 
shows how a pleasing architectural effect 
has been obtained with the use of straight 
lines which are easy to form in the con- 
crete moulding. It will be noticed that 
the whiteness of the building is relieved by 
the introduction of narrow red brick 
panels along the lintels and by facing 


the ground floor piers and entrance section 
with brick. 

The section and plan of the reinforced 
concrete construction shown on p. 40 give 
an idea of the spaciousness of the interior. 
The building is divided into bays of 18 ft., 
which is a useful column spacing for 
factory and warehouse purposes and Бу 
subdividing the bays into threc floor 
panels a light floor is obtained in spite of 
the warehouse superload for which it is 
calculated. Provision has been made for 
admitting as much light as possible into 
the basement by means of a reinforced 
concrete bulkhead at street level. The 
basement extends under the footpaths 
and the yard and under the loading dock ; 
the latter is on the same level as the 
ground floor and 3 ft. 6 in. higher than 


Reinforced Concrete Factory at Islington. 


39 


REINFORCED СОХСКЕТЕ FACTORY АТ ISLINGTON. CONCRETE 


i 
| 

! 
| LOADING DOC ! 
DT —r Ed 
Кы 2 

-—À 

1 2 
2 

2 

РУ 

Z 

2 
و 


کے — 


5 wt 


EX 


x 
б 
i 
I 
' 
I 
4 | | | ғ“ — A сем | 2 
J> | ا‎ — -ш-4Һ-----4) 1-1. ا‎ і; tt |р; sr | | [4 
i و‎ 
Едес тесу. іс --Э MULTIS — - —— 
(cece ee то тт ЕРИСИ rome: See 
کا‎ 


Reinforced Concrete Factory at Islington. 
40 


NN аала ڪڪ‎ ae 


АЦ REINFORCED CONCRETE FACTORY АТ ISLINGTON. 


= street level, and communicates with 
the basement through a chute and also 


= means of a lift which runs through all 
dio floors. The internal view above 
ірке Ше ground floor communicating 
right ra basement by a stairway on the 
Ти a the lift, while to the left are seen 
"m D and doors opening directly on to 
dows th Inf dock. At the top of the win- 
lintels * beams are underslung from the 

50 аѕ to avoid any light obstruction 


from the latter. On the upper floors 
sleeves are left in the beams as a provision 
for carrying machinery and fittings. 

The general building work was carried 
out by Messrs. Commercial Structures, 
Ltd., on whose instructions Mr. R. N. 
Stroyer, M.I.Mech.E., of Abbey House, 
Victoria Street, S.W.1, prepared the 
design for the reinforced concrete work, 
which was executed by Mr. A. E. Frost, 
of Wood Green. 
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Sectional Elevation. 
10,000-Ton Coal Bunker at Greenwich Power Station. (See №. 43.) 


| 
| 


| 
Ш 
Я 
EN 
Ы 

26 


ын 
ГІ 

4% 
” L 


42 


10,000-ТОХ COAL ВОХКЕК AT GREENWICH. 


10,000-Ton Coal Bunker at Greenwich. 


THE coal bunker illustrated herewith has 
recently been completed for the London 
County Council at the Greenwich power 
station which supplies power for the 
L.C.C. Tramways. It has a capacity of 
10,000 tons. The overall length is 340 
ft.; the height roo ft.; and the width 
30 ft. The bunker is divided into eleven 
separate compartments which can be 
loaded or emptied independently. 

The coal handling plant consists of a 
series of conveyors capable of transferring 
coal from boats or barges in the river to a 
conveyor running along the top of the 
bunkers; it is also capable of receiving 
the coal from the hoppers and conveying 
it back to bunkers in the power house 
which feed the mechanical stokers on the 
boilers. 

The work was put out to-tender among 
firms specialising in reinforced concrete 
design ^-2----: '" (2715 ui Messrs. 
Industrial Constructions, 'Ltd., being 
accepted. The considerations which in- 
fluenced the Council ir"-acepting this 
design were as follows: (1) The positions 
chosen for the large concrete columns, 


a 


which had to penetrate through work- 
shops, mess rooms, lavatories, and other 
additions to the main power station 
building. (2) That a clear space was 
required for the coal in each of the 
bunkers without the interference of cross 
ties. On account of the very large 
dimensions of the bunkers, it became 
difücult to devise means to take the 
heavy pressures without introducing ties 
near the bottom of the bunkers; this 
difficulty was overcome by making the 
bottom of the bunkers parabolic in shape, 
the thrusts at the top of the parabola 
being taken by the heavy mass of con- 
crete reinforced as a beam spanning 
between column and column. The para- 
bola was chosen because of its simplicity 
in construction and the fact that it 
eliminates very largely the secondary 
stresses and carries the whole of the load 
and pressure by a skeleton of tensile 
reinforcement clothed with 5 in. of con- 
crete. (3) Architectural treatment of the 
elevation. 

To construct a bunker of this shape and 
magnitude is to a reinforced concrete 


10,000-Ton Coal Bunker at Greenwich. 
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10,000-ТОХ COAL BUNKER AT GREENWICH. 


specialist a straightforward job, but when 
the foundations and columns have to be 
constructed underneath and in work- 
shops, mess rooms, lavatories, and such- 
like buildings without interfering with 
the use of such offices the designer is 
faced with a very complex problem. It 
was this, and the insistence of the L.C.C. 
to have a bunker without internal ob- 
structions to the flow of coal, that con- 
stituted the design of the structure a very 
difficult problem. It would have been 
comparatively easy to find positions for 
the columns and foundation beams if an 
unsymmetrical design had been adopted 
and the columns put at varying distances 
apart to miss the various obstacles met 
with, but this would have been objection- 
able from an zesthetic point of view and 
would have increased the cost of the work. 
To overcome the difficulty it was found 
that by spacing the columns at 32-ft. 
centres and making the end bays about 
25 ft., a suitable arrangement as far as 
the existing work was concerned could be 
secured. This spacing was adopted, and 
the columns placed as far apart as 
possible in the cross-section in order 
to add to the stability of the struc- 
ture. 

The next problem that had to be faced 
was the design of the bunkers in order to 
avoid any internal obstruction to the 
flow of coal. In a small structure this 
is, of course, comparatively easy, but 
where the dimensions of the bunker are 
such as in the case under consideration, 
namely 27 ft. wide, 31 ft. 7 in. long, and 
Or ft. deep, the problem is different. 
The pressure on the walls is taken bv a 
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series of vertical beams which enable the 
thicknesses of the walls to be kept within 
reasonable limits. Ordinary slab and 
beam construction, however, would have 
made the bottom of the bunker very 
heavy and costly to construct, and it 
was therefore decided to make the 
bottom of the bunker a parabola and to 
provide sufficient steel reinforcement to 
take the whole of the tension due to the 
weight and the pressure, and to employ 
the concrete merely as a covering to the 
steel reinforcement. This has proved 
under test to be quite satisfactory, and 
has entirely justified the assumptions of 
the designers. Any alterations in the 
shape of the parabola due to variations 
of loading have not caused any per- 
ceptible cracks in the concrete. 

Mr. G. Topham Forrest, Architect to 
the London County Council, under whose 
instructions the bunker was built, 
naturally desired the structure to be of 
good proportion and appearance, and the 
designers were anxious to develop the 
constructional features of the building. 
The engineers therefore kept in close touch 
with Mr. H. R. Gardner, F.R.I.B.A., an 
architect with considerable experience in 
reinforced concrete elevations, with the 
result shown in the photograph. 

The reinforced concrete throughout was 
composed of 4 parts of crushed ballast to 
2 parts of sand to 1 part of Portland 
cement, with the exception of the columns 
which were constructed with 2 : I : I mix. 
The reinforcement consisted of mild 
steel smooth bars. Complete calcula- 
tions and working drawings were sub- 
mitted to the L.C.C. for approval. 


Cement Plant by Edgar Allen & Co., Ltd. 


DURING 1926 Messrs. Edgar Allen & Co., Ltd., of Imperial Steel Works, Sheffield, 
have manufactured the following plants for the production of Portland Cement. 
Complete two-unit plant (capacity 130,000 tons per annum) for the Dunstable Port- 
land Cement Co., Ltd. ; complete single-unit plant (capacity, 35,000 tons per annum) 
for the Barnstone Cement Co., Ltd. ; complete two-unit plant (capacity 110,000 tons 
per annum) for the Standard Portland Cement Co., Ltd., New South Wales ; 30,000 
ton unit for the Sulphide Corporation, Ltd., New South Wales; lime-burning plant 
for the Dhrangadhra State Chemical Works, India. 
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Dolphins with Loose Filling. 


By OVE ARUP. 


THE main difficulty in the construction of 
marine and harbour works is the carrying 
out of the subaqueous construction, which 
often involves the erection of large coffer- 
dams, heavy pumping expenses, etc. It 
is natural, therefore, that the aim of de- 
signers should have been directed towards 
the abolition of subaqueous work wher- 
ever possible, and this is usually achieved 
by means of driving piles. 

The introduction of reinforced concrete 
piles has been a great step forward in this 
respect, by making it possible to construct 
even the heaviest quay walls without 
cofíerdams and without any tide-work of 
importance, when the site is suitable for 
pile driving. 

In thecase of jetties and other structures 
which are built out into the water, piling 
is also the usual method employed. As 
long as the depth of water and the size of 
the ships to be accommodated are not 
excessive, this method is quite satis- 
factorv, especially if raking piles are 
introduced. These enable the structure 
to take up the horizontal forces acting 
upon it in direct compression and tension, 
and thus considerably increase the kinetic 
energv which the structure can absorb 
without being overstressed. When, how- 
ever, the depth of water and the size of 
vessels to be berthed increase, it is neces- 
sary to provide structures of a much 
heavier type in order to resist the impact 
from the vessels. Much can be done by 

providing a heavy and rigid super- 
structure which distributes the forces 
acting upon it over the whole number of 
supporting piles, but if it is a case of 
providing berthing accommodation for, 
say, vessels of 10,000 to 20,000 tons, a 
rough calculation will soon show that the 
ordinary tvpe of piled construction is 
quite inadequate if velocities of up to 
I ft. per second are reckoned with. In 
such cases it 1s essential to provide heavy 
masses to withstand the impulse forces 
from the vessels, and sometimes massive 
concrete structures extending right down 
to firm ground have been erected at a 
great expense. If firm ground is found 
not too far down it may be possible to 
sink pre-cast reinforced concrete cylinders, 
or to use caissons which are afterwards 
filled with concrete or earth-filling, but if, 


for instance, the bearing strata is covered 
by a thick laver of mud or similar sub- 
stance, which is often the case, this solu- 
tion is hardlv possible unless an artificial 
bed is provided for the caissons by deposit- 
ing great masses of sand or gravel, a 
method which in any case will be expens- 
ive. It may be of interest, therefore, to 
see how this difficulty has been overcome 
in the case of some structures designed 
and erected by Messrs. Christiani & Niel- 
sen. 

The method adopted is that of driving 
a number of piles close together in a circle, 
holding them together by means of 
circular ties, and filling the cylinder thus 
formed with a suitable filling of stones or 
gravel. This type of construction com- 
bines the advantages of a piled structure, 
i.e. absence of work under water level, 
with the advantages of a massive con- 
struction, the necessary mass being 
obtained in the most economical manner 
bv a loose filing. The piles may be of 
reinforced concrete, steel ог timber 
according to circumstances, and an 
example of each kind will be described in 
the following. 

The simplest {уре of this kind of 
construction is that embodied in a pier 
built at Nyborg, Denmark, for the 
Danish Petroleum Co. As will be seen 
from Fig. 1, the general lay-out consists 
of a solid pier connected to the shore by 
an approach of reinforced concrete piles, 
and a dolphin of the type described above. 
The distance between the pier and the 
dolphin is arranged so that the ship when 
berthed is lving alongside both. The 
depth of water at the dolphin is about 
30 ft. The dolphin consists of round 
timber piles 16 in. in diameter, driven in 
a circle of 23 ft. diameter. The piles are 
driven about 20 in. from centre to centre, 
and are held together Бу galvanised steel 
straps at four different levels. The 
filling consists of stones sufficiently large 
to be retained by the piles. 

The solid pier is constructed of two 
reinforced concrete sheet walls, anchored 
together by reinforced concrete capping 
beams and ties above high-water level, 
and filled with sand. This kind of con- 
struction is a development of the ordinary 
cofferdam and has the same advantages 
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from the point of view of construction 
as the circular dolphin with loose filling. 
It can be appropriately used in a case like 
this where the depth of water is not exces- 
sive and the bottom consists of firm sand 
and gravel, forming an excellent support 
for the sheet walls only a few feet below 
the bottom. But the fact that it would 
be a rather complicated matter with this 
type to provide ties below low water level 
puts a limit to the depth of water, or 
rather the depth down to firm ground, at 
which this type of construction can be 
used with economy. In this respect the 
circular type of dolphin has a big advant- 
age because of the ease with which it is 
possible to provide supports for the sheet 
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wall at any level required by lowering 
circular ties round the piles. 

Another structure where dolphins of this 
kind have been used successfully is the 
train ferry berth at Harwich, the general 
lay-out of which is shown іп Fig. 2. This 
berth was built in 1924 for Great Fastern 
Train Ferries, Ltd., and forms the 
English terminus for the first commercial 
train ferry between England and the 
Continent. As will be seen from Fig. 2, 
the berth consists of two piers, 415 and 
120 ft. long, which for the greater part of 
the length follow the line of the vessel. 
The connection between the permanent 
way and the ferry is effected by a mov- 
able steel bridge which can be lowered 
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down on the vessel when it is in the 
berth. 

In considering what type of construc- 
tion should be adopted for the various 
members of the general lay-out, the 
principle has been followed of concentrat- 
ing the resisting capacity of the structure 
in a few important points and to make the 
rest of the structure as elastic and resilient 
as possible. The reason for this was 
partly to effect economy and partly to 
ensure the final impact between the 
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vessel and the berth being as gentle as 
possible. 

The points which it was considered 
essential to strengthen as much as possible 
were the end and the turning point of the 
long pier and the stern end of the berth, 
where the final impact had to be taken. 
At the latter point the necessary resisting 
capacity had to be combined with a 
springing effect of the fenders, and strong 
buffer spring boxes were therefore in- 
serted between the fenders and the rigid 
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structure (see Fig. 3). As will be seen 
from this plan, the rigidity at this point is 
ensured by the two heavy reinforced 
concrete piers which support the two 
steel towers for the bridge, and which are 
again each supported on 24 timber piles. 
The concrete at this place is carried to 
5 ft. below the sea bottom, and had to be 
placed inside a sheeting of steel piles and 
timber through a vertical wooden tube 
which could be lifted gradually as the 
concreting proceeded. 

At the two other fixed points mentioned 
above, namely the end and the turning 
point of the long pier, cylindrical dolphins 
with loose filing of the type already 
described were constructed. The dia- 
meter of the dolphins is 26 ft. The piles 
in this case are interlocking steel sheet 
piles driven side by side. The filling con- 
sists of gravel. The piles are held 
together with R.S. channels, and on top a 
reinforced concrete wall and decking are 


provided. The ground consists in its 
upper formation of mud overlving lavers 
of clav of increasing hardness, and the 
piles had to be driven down to a consider. 
able depth below bottom. 

In driving the sheet piles the greatest 
care had to be exercised to make it 
possible to close the circle when the last 
pile came to be put down. Each pile 
was controlled as it was driven so that it 
was kept truly vertical in all directions 
and covered exactly the space provided 
for it in the circle. In order to effect this 
a wooden template was fixed on the stag- 
ing from which these piles were driven, 
and the intended position of each joint 
was marked thereon by a nail. If it was 
found that the joints had a tendency 
to pass the proper mark on the tem- 
plate, the radius of the circle was 
slightly increased, and, vice versa, if the 
mark was not reached bv the joint the 
length of the radius was slightly decreased. 
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Ву thus carefully watching the position 
throughout the operations no difficulty 
occurred when the last pile closing the 
circle was driven and no jamming what- 
ever took place. 

The piers themselves were constructed 
of three rows of rolled steel joists, driven 
as piles and braced against each other by 
means of rolled steel channels. This 
construction can endure a considerable 
deflection at the top without serious 
consequences to the joists. 

Other features in the general arrange- 
ment are two reinforced concrete dolphins 
for the stern hawsers and a light gangway 
connecting the concrete approach with the 
long pier arm. The hawser dolphins 
were constructed of nine reinforced con- 
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crete piles each, raking in different 
directions and kept together by a rein- 
forced concrete capping. А view of the 
long arm with the twocircular dolphins is 
shown in Figs. 4 and 5. 

As a third example of dolphins with 
loose filing may be mentioned two 
dolphins built in 1924 for Messrs. Shell- 
Mex, Ltd., in order to provide a deep- 
water berth for unloading oil tank 
steamers at their station near Hamble, 
on the east side of Southampton Water. 
The problem in this case was a rather 
difficult one, as vessels of up to 20,000 
tons had to be provided for and because 
the bottom consisted of mud down to a 
considerable depth. Messrs. Christiani & 
Nielsen decided to build the dolphins en- 
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tirely of reinforced concrete in order to 
obtain a monolithic construction and thus 
ensure the greatest possible rigidity. 
The general lay-out of the jetty can be 
seen from fig. 6. It consists of a jetty 


1634 ft. long, with a head of 60 ft. 
frontage, and two dolphins of 34 ft. 
diameter placed symmetrically 125 ft. 
The jetty 


on each side of the head. 


head is kept about 6 ft. back in relation 
to a line touching the two dolphins, in 
order that a vessel lying against the 
dolphins shall not bump against the jetty 
head. 

The construction of the jetty head and 
the approach entails no unusual feature. 
The head consists of reinforced concrete 
piles, some of which are driven at a rake, 
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with a reinforced concrete bracing at 
low water level and a reinforced concrete 
decking. The jetty consists of reinforced 
concrete pile trestles generally 36 ft. 
apart, carrying a deck of steel joists and 
timber planking. Before the piles for the 
jetty head and the dolphins were driven 
the bottom was dredged to a level of 
45 ft. 3 in. below high water, or 31 ft. 6 in. 
below low water, the deck level being 
7 ft. біп. above high water level. It was 
necessary to drive the piles down to а 
level of 68 ft. below high water level in 
order to obtain a firm set. 

The two dolphins consist of heavy 
reinforced concrete sheet piles of a slightly 
trapezoid section driven side by side in a 
circle and kept together by two reinforced 
concrete tie beams and a reinforced con- 
crete capping. The filling is gravel. In 
order to ensure tightness of the dolphins 
the sheet piles were provided with 
longitudinal grooves at each side, two 
opposite grooves forming a hole which was 
afterwards filled with cement mortar. 

In driving the sheet piles similar pre- 
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cautions as in the case of the Harwich 
dolphins had to be taken in order to 
ensure that the circle formed by the piles 
was exactly closed. It was anticipated 
that the closure pile might not fit exactly, 
and in this case it was the intention to 
drive a special pile of aluminous cement, 
cast to suit the opening. This, however, 
did not become necessary. 

The reinforced concrete tie rings were 
cast of aluminous cement above high- 
water level, and afterwards lowered down 
round the piles to the required position. 
The joint between the sheet piles and the 
ring was afterwards grouted with cement 
mortar by divers. 

A front view of the pier and the two 
dolphins is shown in Fig. 9, and of a 
single dolphin in Fig. 8. The dolphins 
have since their erection stood up to 
many a severe test, and answer their 
purpose exceedingly well. It is difficult 
to imagine, having regard to the prevail- 
ing conditions, how this could have been 
achieved with any of the usual construc- 
tions at a similar cost. 


A Concrete Pavilion. 


THE Southsea Castle Tea House, illus- 
trated on р. 56, is chiefly composed of 
elevations of pre-cast blocks, columns, 
and ornamental pieces moulded by the 
contractor on the site. 

The building was designed primarily to 
provide a store for the Beach Committee 
when chairs, bathing boxes, etc., require 
to be put under shelter during the winter. 
Workshops are provided at the rear for 
repairs, and it was arranged for the Beach 
Committee to have their offices on one 
side of the vestibule with three lock-up 
shops on the ot her. Lavatory accommo- 
dation was then added, and as the store is 
empty during the summer season it pro- 
vides a shelter for visitors to Southsea 
Common, an area of 112 acres now being 
laid out as ornamental gardens with band- 
stand, tennis courts, bowling greens, etc. 

As the building has a flat roof covered 
with asphalte, provision has been made 
for the serving of teas, and at the rear a 
fully-equipped kitchen with lifts from the 
ground floor to roof is provided for this 
purpose. Teas may be served in shelter 
during wet weather. 

The building cost £8,500, and was 
started in May, 1925. It covers a super- 
ficial area of 1,150 yards; this is practic- 

ally the area of the roof available as a 
terrace. Its frontage is 114 ft., and 


depth or ft. біп. The terrace is in two 
levels, so as to obtain light, by means of a 
kind of clerestory, to the shelter. 

The foundations and floor are of rein- 
forced concrete. Above this the walls are 
built in pre-cast blocks, but where the 
steclwork forms the skeleton of the 
building it has been encased with in-situ 
concrete. The roof is reinforced with 
expanded steel. 

Two flights of concrete stairs give 
access to the roof from the main vestibule, 
and there is a service stairway at the rear 
for the staff. 

The contractor provided on the site a 
long smooth concrete table for manufac- 
turing the pre-cast blocks. The blocks for 
the front of the building and the columns 
of the vestibule, etc., were tinted with 
coloured cement, and the whole of the 
moulded work and the arch blocks were 
cast in the same material. The turrets 
were built in concrete reinforced with 
steel expanded mesh, as also was the 
saucer-dome roof. 

The coloured cement for this work was 
supplied by Messrs. C. A. Peters & Co., 
Ltd., of Stores Road Works, Derby. 

The building was designed by Mr. 
Arthur W. Ward, A.M.Inst.C.E., the Citv 
Engineer of Portsmouth, and erected by 
Mr. Jno. Croad, of Portsmouth. 
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Reinforced Concrete Regulations. 


WE have received the following from 
Mr. H. H. Jeffcott, Secretary of the Re- 
inforced Concrete Joint Committee which 
was formed early in 1025 by the Insti- 
tution of Civil Engineers, the Roval 
Institute of British Architects, the Sur- 
vevors’ Institution, and the Institution 
of Structural Engineers, to consider the 
proposals in the L.C.C. (General Powers) 
Rill, 1926, in which it was provided that 
the power of the Council to issue regu- 
lations for reinforced concrete construc- 
tion should be extended with respect 
to the conversion of any building or part 
of a building constructed wholly ог 
partly of reinforced concrete : 

The Reinforced Concrete Joint Com- 
mittee, having obtained the authority of 
the four Institutions, arranged for the 
lodgment of their petitions in the House 
of Lords against the L.C.C. (General 
Powers) Bill 1926, and was heard by 
counsel and witnesses before a Standing 
Committee of that House. In the opinion 
of the Committee the Bill was of much too 
wide a scope, and would give the L.C.C. 
almost autocratic powers without appeal 
in all cases where a building was not only 
converted in such a manner as to require 
Partial reconstruction, but even by mere 
change of user without any constructional 
work at all. 

As a result of the hearing, and following 
on consultations between members of the 
Committee and the technical officers of 
the London County Council, revisions to 
the original Bill were agreed to. The 
London County Council indicated its 
willingness to modify the Bill so as to 
remove the whole of the Committee's 
objections. Briefly, the amendments to 
the original Bill brought about the 
following changes :— 

I. То limit the application of the Act 
to a case “ which in the opinion of the 
District Surveyor affects or is likely to 
aflect the stability of buildings or the 
safety of persons occupying or resorting 
to such buildings." 

2. To secure the right of appeal to 
the Tribunal of Appeal in case of dis- 
satisfaction with the refusal of the Coun- 
cl to modifv Or waive any requirements of 
any regulations made under this Section. 

3. Toextend to the Institutions repre- 
sented on the Committee the right en- 
Joyed by them in the 1909 Act, namely, 


to receive notification of an intention of 
the Council to apply to the Ministry of 
Hcalth for allowance of new or amended 
Regulations. 

4. To exclude from these provisions 
its application in the case of any erection, 
alteration, etc., of buildings in accordance 
with the provisions of the London 
Building Acts, 1894-1908, and to prevent 
any right or privilege vested in or enjoyed 
by any person under these above-men- 
tioned Acts being prejudiced ortakenaway. 

The following shows the additions and 
deletions made to the Bill during its pas- 
sage through Parliament. Additions are 
in italics, deletions are square bracketed : 

5. (I) The provisions of Section 23 
(Power to make regulations as to use of 
reinforced concrete) of the London County 
Council (General Powers) Act 1909 (in 
this Part of this Act referred to as “ the 
Act of 1909 7) shall extend to enable the 
Council subject to the provisions of that 
section to make and enforce regulations 
with respect to the conversion of any build- 
ing or part of a building constructed wholly 
or partlv of reinforced concrete [so that 
such building or part of a building when 
converted would not be in conformity with 
the regulations applying to such con- 
struction]. | 

(2) Any regulations made under section 
23 of the Act of 1909 as amended by this 
section which relate to the stability of a 
building or part of a building shall be so 
described in such regulations. 

(3) In order to facilitate the erection 
of any particular building or part of a 
building intended to be constructed 
wholly or partly of reinforced concrete 
or the conversion of апу particular 
building or part of a building so con- 
structed, the Council may in relation to 
that building or part of a building modify 
or waive upon and subject to such terms 
and conditions as they think fit any 
of the requirements of the regulations 
made under section 23 of the Act of 1909 
as amended by this section ; 

(4) Any person dissatisfied with the 
refusal of the Council to modify or waive 
any of the requirements of any regulation 
made under section 23 of the Act of 1909 
as amended by this section. (other than a 
regulation described as specified in sub- 
section (2) of this section) or with any term 
о» condition which the Council may attach 
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to any such modification or waiver, may 
appeal to the Tribunal of Appeal as consti- 
tuted under section 25 (Tribunal of Appeal, 
etc.) of the Act of 1909 and the provisions 
of that section shall apply with respect to 
any appeal under this section. 

(5) Any person failing to comply with 
any term or condition attached to any 
such modification or waiver as aforesaid 
shall be liable on summary conviction to 
a penalty not exceeding twenty pounds 
and to a further penalty not exceeding 
twenty pounds for each day on which the 
offence continues after conviction there- 
of. 

(6) For the purposes of this section a 
building or part of a building shall be 
deemed to be converted not only when it 
is structurally altered but also if and 
whenever any change which in the opinion 
of the district surveyor affects ov ts likely to 
affect the safely of persons occupying or 
rescrting to or the stability of such building 
or part of a building is made in the pur- 
poses for which the building or part of 
a building is used. 

(7) The Council shall give to the Insti- 
tution of Civil Engineers the Institution of 
Structural Engineers the Royal Institute 
of British Architects and the Surveyors’ 
Institution notice of their intention to apply 
to the Ministry of Health for allowance of 
any regulations made under section 23 of 
the Act of 1909 as amended by this section. 

(8) The provisions of section 23 of the 
Act of 1509 as amended by this section and 
any regulations in force thereunder shall 
not apply in the case cf the erection or 
altcration of or the making of an addition to 
or the doing of other work to 1n or upon ану 
building in accordance with the provisions 
of the London Building Acts 1894 to 1908 
and nothing in section 23 of the Act of 1909 
as amended by thts section or any regulations 
in force thereunder shall take away or 
prejudice any powers rights privileges or 
exemptions vested in or enjoved by ану 
person under the London Building Acts 
1894 to 1908 or any of them. 

(о) Nothing in ану regulations made 
under section 23 of the Act of 1909 as 
amended by this section shall apply to any 
building which conforms with— 

(a) the provisions of the London Building 
Act 1894; or 

(b) the provisions of section. 22 (Pro- 
visions with respect to buildings of iron and 
steel skeleton construction) of the Асі of 
1909 or those provisions as varied by any 
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modification or waiver made or granted in 
pursuance of that section or of section 5 
(Provisions with respect to buildings of iron 
and steel skeleton construction) of the 
London County Council (General Powers) 
Act 1923. 

(10) The provisions of this section and 
any regulations made thereunder and for 
the time being in force shall be deemed to 
form part of Part VI of the London 
Building Act 1894. 

(11) The powers conferred by subsection 
(3) of this section shall not be exerciscable 
before the first day of January one thousand 
nine hundred and twenty seven or the date 
on which any regulations made under 
section 23 of the Act of 1909 as amended by 
this section first come into operation which- 
ever of those dates shall be the earlier. 

6. Notwithstanding anything contained 
in section 24 (This Part of Act and Regu- 
lations to form part of Part VI of London 
Building Act 1894) of the Act of 1909 or in 
subsection (10) of the section of this Act of 
which the marginal note is “ Regulations 
as to reinforced. concrete buildings " any 
regulations referred to in those sections or 
cither of them shall be subject to the pro- 
visions of section 32 of the Interpretation 
Act 1889. 

7. (1) So much of subsection (5) of 
section 23 of the Act of 1909 as requires 
the publication in the London Gazette of 
regulations made under that section shall 
cease to have effect. 

(2) When any regulations made under 
[the said] section 23 of the Act of 1909 as 
[extended] amended by this part of this 
Act have been allowed and are open to 
public inspection and copies thereof can 
be obtained in accordance with the pro- 
visions of that section as so [extended] 
amended [notice thereof shall be published 
by the Council in the London Gazette] 
the Council shall publish in the London 
Gazette notice of the making and allowance 
of such regulations with an intimation as 
to the place at which the regulations can be 
inspected and copies thereof can be obtained. 

8. Section. 26 (Increase of fees to 
district survevors) of the London County 
Council (General Powers) Act 1921 shall 
be read and have effect as if the thirty- 
first day of December one thousand 
nine hundred and twenty-seven were sub- 
stituted in paragraph (A) of subsection 
(4) and in sub-section (7) thereof for the 
thirty-first day of December one thousand 
nine hundred and twenty-six. 
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REINFORCED CONCRETE 
IN 1926. 


In the following pages we give a record of the reinforced concrete 
work in hand or completed di ring 1926 by most of the leading firms in 
the industry. These notes and illustrations give a good idea of the 
enormous amount of building and constructional work now being done 
in reinforced concrete, ard also of the variety of purposes for which tt 
ts found to be the most suitable and economical material, 


Anglo-Danish Concrete Construc- 
tion Co., Ltd. 


Most of the work of this firm has been 
in connection with cement factories, and 
comprises extensions to cement mill, new 
slurry basins for compressed air, two 
chimneys, extension to coal mill and 
foundations, for the Tunnel Portland 
Cement Co. ; loading jetty, cement silos, 
etc., for Messrs. G. & T. Earle (1925), 
Ltd. ; cement silos, loading platforms and 
foundations for the Aberthaw and Eristol 
Channel Portland Cement Co.; founda- 
tions, basins and new wash mill building 
for the British Standard Cement Co. ; all 
the reinforced concrete work in connec- 
tion with the extension to Messrs. Smeed, 


LA nglo- Danish 


Concreic Cc 


Dean & Co.'s cement factory, comprising 
coal mill, coal bunkers, cement mill, 
cement silos, pumping platform, under- 
ground tunnel etc. The firm is also 
carrying out a new crusher-pit foundation 
and retaining walls for the Ship Canal 
Portland Cement Manufacturers, Ltd. at 
their quarries in North Wales, and kiln 
foundations and chimney for their works 
at Ellesmere Port ; sewage disposal works 
for the Sturminster Newton Rural Dis- 
trict Council, Dorset, etc. Work abroad 
comprises several grain elevators, wharves, 
culverts, reinforced concrete work for 


cement factories, etc. 

An interesting chimney reconstruction 
carried out by this firm is illustrated and 
described elsewhere in this number. 


тис 10 0., Lid., К.С. Designers and C ilractors. 


Silos in course of Erection. 
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[Anglo- Danish. Concrete Construction Со, LtJ., R.C. Designers and Contractors. 


Slurry Mixers and Silos. 


Sir William Arrol 4 Co., Ltd. 


During the past year continued advance 
has attended the various works of con- 
struction being carried out by the Rein- 
forced Concrete Department of this firm, 
and several new works have been under- 
taken. 

Despite the incidence of the coal strike, 
rapid and continuous progress has been 
made with the Royal Edward Dock 
Extension at Avonmouth, where 4,000 
lineal feet of wharves, two granaries and 
two transit sheds are in course of con- 
struction. 

Other contracts in progress include 
Carlton Bridge, for the West Riding of 
Yorkshire; Hawes Pier Extension at 
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South Queensferry, for the London & 
North Eastern Railway; Lanarkshire 
Hydro-Electric Scheme, which includes 
power-houses, bridges, weirs, tunnels, and 
surge tanks ; four bridges on the Bexley 
Heath By-pass Road; and extensive 
additions to cement works at Haverton 
Hill. 

During the year the firm completed 
jetties for the Tynemouth Corporation, 
and a warehouse for Wylie & Lochhead, 
Ltd., of Glasgow. 


Frank Bevis, Ltd. 


Among works completed in 1926 by this 
firm is Boscombe Pier, for the Bourne- 
mouth Town Council. Briefly, this was a 
piled structure with 15-in. octagonal piles 
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[Sir Wm. Arrol & Co., 


Lid., R.C. 


Designers and Contractors. 


Transit Shed at Avonmouth. 


driver by aid of water jets about 8 ft.— 
Io ft. below ground level, with a braced 
superstructure, and tee-deck beams upon 
which was fixed Jarrah decking. This 
work was fully illustrated and described 
in our number for December 1926. 

The widening of Camber Docks, Ports- 
mouth, for the Portsmouth Town Council 
was also completed. This contract con- 
sisted of the removal of the old dock wall 
of masonry and mass concrete by means 
of cotter dams, and the substitution of a 
modern type of construction, a sheet piled 
face fixed into a heavy coping beam, with 
a beam and slab construction about 8 ft. 
from surface level tying the face back to 
straddle raking piles about 40 ft. long 
driven at a rake of 1 in 3. Owing to 
presence of running sand and close proxi- 
mity of buildings, this presented a number 
of engineering difficulties which were 
successfully surmounted. This work was 


also described in our number for December 
last. 


Henry Boot & Sons, Ltd. 


This company now has no less than 
3,650 concrete houses in hand in various 
parts of the country, which, when com- 
pleted, will make the total number of 
concrete houses by this firm 12,078. 
Schemes now completed include: West 
Bromwich (604 houses), Lichfield (254), 
Bilston (438), Banbury (128), Brackley 
(92), Middleton Cheney (20), Towcester 
(58), Brailes (42), Atcham (64), Broms- 
grove (132), Uttoxeter (70), Alcester (54), 
Montgomery (41), Rotherham (60), Bull- 
croft Colliery (52), Markham Colliery (52), 
Bulwarks (Office of Works) (205), Bake- 
well (50), Chapel-en-le-Frith (134), Fecken- 
ham (30), Portslade (62), Steyning (104), 
Hoo (96), Slough (212), Цагдаад (16), 
Bradford (786), Glapwell Colliery (148); 


Contractors. 


[Frank Bevis, Lti., 
Reconstruction of Boscombe Pierhead. 
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[Frank Bevis. Ltd., Contractors, 
Widening of Camber Dock, Portsmouth. 
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(Hy. Boot & Sons, 144., Contractors, 
Concrete Houses at Leicester. 
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[Reinforcement by British Reinforced Concrete Enginecring ( 
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Precipitation Tanks at Stockport Sewage Disposal Works. 


Havecroft Colliery (189), Langwith Col- 
Їїету (272), Leicester (698), Maltby Colliery 
(40), Shefheld (1,000) Birmingham 
(1.344), Stafford (Works) (69), Tilbury 
(208), sundry smaller schemes (600). 

Schemes now on hand include: Brad- 
ford (482 houses), Leicester (802), Liver- 
poo] (1,000), Dundee (500), London (698), 
Birmingham (168). 


British Reinforced Concrete 
Engineering Co., Ltd. 


Gladstone Dock, Liverpool._—tin this 
scheme (perhaps the largest industrial 
reinforced concrete work in the country) 
four 3-story sheds are included, each of 
which is constructed entirely of reinforced 
concrete and founded on reinforced con- 
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crete piles. The sheds will be used for 
storage purposes during transit of goods 
to and from the Port. Shed A is 1,500 ft. 
long by 150 ft. wide. Sheds B, C, and D 
are each approximately 1,200 ft. long by 
тоо ft. wide. АП the sheds are carried on 
reinforced concrete piles averaging about 
50 ft. in length and arranged in groups 
under the various columns and walls. 
Each group of piles supports a pile cap 
which carries the column above. In the 
case of the internal columns the design 
load is approximately 1,000 tons. The 
first and second floors are designed respec- 
tively for super-imposed loads of 30 and 
25 cwt. рег sq. yd. ; the roofs are designed 
for superimposed loads of 20 cwt. per sq. 
yd., and in addition are arranged to carry 
travelling cranes. 
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[Reinforcement by British. Reinforced Concrete Enginzering Co., Ltd. 
Gladstone Dock, Liverpool. 
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[Reinforcement by British Reinforced Concrete Engineering Co., Ltd. 


300,000-баПоп Water Tower at Cantley. 


Brace Bridge, Lincoln.— his work is 
typical of much of the bridge widening 
and reconstruction work which is being 
carried out throughout the country. An 
existing bridge has been widened by 25 ft. 
on one side and 10 ft. on the other, thus 
providing a carriageway of 40 ft. and side 
walks of 8 ft. on each side. The widening 
consists of three arch slabs carried by rein- 
forced concrete abutments and river piers, 
the whole of the widening being supported 
on reinforced concrete piles. The finished 
structure, as shown by the photograph, 
presents a very pleasing appearance. 

Water | Tower, | Cantley.—The tower 
shown in this illustration has recently 
been completed for the Corporation of 
Doncaster. The tank has a capacity of 
300,000 gallons, and is supported by 
twelve columns braced radially and 
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circumferentially at intervals of about 
16 ft. in their height, the whole being 
carried on a continuous circular fcunda- 
tion. The tank has a dome floor and 
roof, and an inside circular division wall 
which permits of the tank being cleaned 
without interfering with the supply of 
water. Access to the interior is provided 
by a helical staircase inside a central 
circular wall. The columns have been 
designed with a slight batter toward the 
centre, and this, together with a curtain 
wall at ground level, adds to appearance 
without appreciably increasing cost. 
Stockport Sewage Works.—This scheme, 
a portion of which is illustrated, has been 
carried out almost entirely in reinforced 
concrete construction. The works gener- 
ally comprise aeration tanks, pyramidal 
settling tanks, sumps and pump wells, 
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sreening chambers, and long lengths of 
reinforced concrete channelling supported 
above the ground on sleeper walls. The 
complete scheme has been carried out 
under five separate contracts, the last 
of which is now  nearing completion. 
In the case of all the low-level work, and 
in some of the deeper tanks, ground water 
and loose sand have added considerably 
to the difhculties of construction. 

2,000- Гоп Coal Bunker, Parkgate.— 
This work, recently completed for the 
South Yorkshire Chemical Co., at Park- 
gate, to the order of the Semet-Solvay & 
Piette Coke Oven Co., Ltd., is 40 ft. wide 
by 60 ft. long, and has a total height above 
ground of approximately 130 ft. The 
capacity of the bunker is 2,000 tons. 
The weight of the coal and of the super- 
structure is carried by a system of main 
and secondary beams at the hopper- 
mouth level, these beams being supported 
by eight isolated columns which in turn 
transmit the loads to two continuous 
foundation rafts, one under each set of 
four columns. 

On the same site numerous other 
reinforced concrete structures have been 
erected, including alarge underground 
coal hopper 3o ft. deep ; five tar 
and liquor tanks, each about 20 ft. 
diameter and elevated on columns with 
the usual system of bracing; coke 
hoppers; conveyor subways ; and other 
smaller works. 
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Many other bridges have been erected 
in various parts of the country, the chief 
being Coombe Dingle Bridge, Bristol; 
Finedon Bridge, for the Northants C.C. ; 


Brimington Bridge, Chesterfield ; Bar- 
noldswick Bridge; Blythe Bridge, 
Uttoxeter; Grasmere Bridge; апа 


several bridges for the Irish Free State. 

Factories, warehouses, laundries, mills, 
and office buildings include the Public 
Health Institute, Dundee ; The Younger 
Hall, St. Andrews; Ballymena Town 
Hall; Associated Newspapers and 
“ Daily Mirror ” offices; premises at 
Swansea; factory at Billingshurst ; silk 
mills at Leek, Staffs ; laundries at Brent- 
ford, Stepney, and Chesterfield. Picture 
theatres include Charing Cross Cinema & 
Dance Hall; New Barnet Cinema; 
Stamford Cinema ; Peterborough Cinema; 
Scunthorpe Cinema; Hounslow Empire ; 
Picture House, Aldershot; and Picture 
House, Bristol. 

Swimming baths include Normanton 
Baths, Leeds Baths and  Thurnscoe 
Miners’ Welfare Bath and Wash-house. 

Hospitals and infirmaries where B.R.C. 
reinforcements have been used are as 
follows :—Lewisham, East Ham, Sunder- 
land, Preston, Milford, Surrey, and 
Mearnskirk. Universities, colleges and 
schools are represented by Raffles College, 


Singapore; Cardiff University ; Bede 
College, Durham; Bedford Girls’ High 
School ; Hertford Girls’ School ; 
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Brace Bridge, Lincoln. 
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Hawarden County School; Barnet 
School; Holywell County School; and 
schools at Leicester, Wolverhampton, 
Kilmarnock, Saltcoats, Ammanford, 
Vauxhall, and Poplar. 

Banks include branches of the National 
Provincial Bank at Piccadilly, Southport, 
Cardiff, Exmouth, Shrewsbury, Halifax, 
Woodbridge, Driffield, and Hendon. The 
complete sub-structure and upper floors 
to the head office of the Midland Bank at 
Poultry, E.C., have been erected entirely 
to B.R.C. design and specification as well 
as branches at Louth, Launceston, New- 
port and Prestwich for the same bank. 
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Other works include goods depot at 
Temple Meads, Bristol; tram depot at 
Nottingham ; omnibus park at Don- 
caster; Derby County Rugby Football 
Stand ; and Boythorpe culvert, Chester- 
field. 

The Company has also supplied the 
reinforcement for over 100 miles of road 
during the past twelve months. 


Christiani & Nielsen. 


During the past year works completed 
by the firm include :— 

For the Metropolitan Water Board.— 
The complete construction of a series of 
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2,000-ton Coal Bunker near Rotherham. 
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lage open filter beds covering 5 acres, 
together with auxiliary works, heavy 
pipe-laying, and roads, at the Walton 
Reervoirs, including the building in 
reinforced concrete above ground of No. 
18 primary filter beds or tanks, and the 
erection of the housing accommodation 
for compressors and pumps connected 
with the installation. 

Messrs. Doulton's New Works.—In 
connection with the erection of the new 
factory which this firm is building at 
Enth, Messrs. Christiani & Nielsen have 
designed and constructed, under the 
architect, the whole of the piling, raft, 
and machinery foundations embodied in 
an extensive lay-out, on a completely new 
site, for the buildings required for the 
Various groups of structures. 

For the Shell Mex O1l Co.—At Shell 
Haven, in connection with the installation 
of a large coal-handling plant, the firm 
has in hand the construction of a rein- 
forced concrete barge unloading jetty, 
together with the raft and pile founda- 
tions for boiler house, cooling tower, coal 
silo, etc., which are founded on very bad 
ground. The coal silo, which is rein- 
forced concrete, has a capacity of 2,500 
tons, and the details of reinforcement 
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design for this and the other works have 
been prepared by the firm in collaboration 
with Messrs. International Combustion, 
Ltd., who are the makers and erectors of 
the machinery and handling plant erected 
on the several works. 

Factory in Ireland.—One of the first 
factories to be built under the Free State 
Government régime in Ireland has just 
been completed by the firm for a farmers’ 
association in County Waterford. The 
factory, which is connected with the meat 
industry, cold storage, and dairy produce, 
is built entirely of reinforced concrete, 
an exceptional feature of the factory 
being the amalgamation of thin concrete 
walls and cork slabs for completely 
insulating a number of the component 
buildings and sections of the factory. 
The firm in this case also designed for the 
Association’s architect the whole of the 
reinforced concrete work. 

For the Gas Light & Coke Company.— 
The construction at their Nine Elms 
station of a gas purifier tank, consisting 
of a series of eight compartments, built 
on columns and elevated above the 
ground. As these compartments had to 
be gas-tight, exceptional care and methods 
were adopted in the selection of aggre- 
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gates and the mixing of the concrete 
to ensure an impervious mixture. The 
result obtained after test was so satisfac- 
tory that the firm has been entrusted 
with the construction of a similar tank at 
the Kensal Green station of the same 
Company, which work is now in progress. 

For the Minerals Concentration Co., Ltd. 
—The construction of two landing piers, 
235 ft. and 7o ft. in length, at Dinmor 
Park Quarry on the Anglesey coast near 
Beaumaris. The piers are founded on 
solid rock, carried on reinforced concrete 
columns of substantial section to resist 
the heavy seas which the site is subject to, 
this factor being one which also had to be 
taken into account when designing to 
enable the actual construction to be 
possible of execution. Reinforced con- 
crete open construction was adopted to 
allow the area of water between the piers 


to have free flow, and prevent surging of . 


vessels moored to the piers. The firm 
was entrusted with the complete design- 
ing of the works and all the reinforcement 
details. At the same quarry an existing 
steel pier which was in a bad state of 
corrosion has been completely encased in 
concrete and now presents the appear- 
ance of an entirely new structure. 

For the Duke of Grafton.—A reinforced 
concrete bridge on the Little Ouse near 


Thetford. The bridge, which was built 
to replace an existing oak structure of 
novel design, maintains certain traditions 
connected with the ducal succession and 
is designed to harmonise with the 
amenities of the estate and its close 
proximity to a country seat. АП exposed 
surfaces are coated with white cement. 
For the Surrey County Council.—The 
construction of two highway bridges on 
the new Kingston By-Pass road near 
Raynes Park, both spanning the Southern 
Railway. All sections of the work are in 
reinforced concrete, the foundations alone 
involving the making and driving of goo 
concrete piles. The use of props to sup- 
port temporary works and centering 
being, in the case of the main beams 
spanning the railway, totally prohibited, 
much skill had to be adopted to support 
the falsework during the depositing and 
setting of the concrete. The weight in 
certain beams is 30 tons, and a series of 
specially built steel girders from which the 
centering is hung from below 15 being 
adopted. This work is now in hand. 


Edmond Coignet, Ltd. 
Among the works designed by this firm 
and in course of execution during 1926 are 
the following : 
G.P.O. at Singapore, for the Crown 
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& Nielsen, R.C. Designers and Contractors. 


Filter Tanks at Walton. 
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Sunk Roadway for the 


Agents to the Colonies (described in our 
issue for January 1926); Municipal 
Buildings at Singapore, for the Muni- 
cipality of Singapore (illustrated in our 
issue for October 1926) ; Water tower at 
Bath, for the Bath Corporation ; Cement 
silos at Bevans Works, for the Associated 
Portland Cement Manufacturers, Ltd. 
(described elsewhere in this number); 
Mill for Messrs. Patons & Baldwins, at 
Halifax; Culvert at Accrington, for 
Messrs. Howard & Bullough; Retaining 
wall for the Barnet Gas Co.; Bunkers 
for the Glasgow Iron & Steel Co., at 
Wishaw; Wharf at Silvertown for 
Messrs. Pinchin & Johnson; Mill for 
Messrs. Brough, Nicholson & Hall, at 
Leek; New offices and showrooms for 
the Newcastle Motor Co., Staffs; Wall, 
for the Tottenham Gas Co.; Sunk sub- 
way, for the Weymouth Corporation ; 
Sewage tank, for the Sedgefield U.D.C. ; 
Water tank at Merthyr Tydfil, for the 
U.D.C.; Foundations for Messrs. Doul- 
tons, Ltd., at Erith; Buildings for the 
Bell Telephone Manufacturing Co., at 
Antwerp; Raft. for retorts, for the 
Worthing Gas Co.; Reconstruction of 
Old Barnwell Theatre, Cambridge; Re- 
taining wall, Glentworth Bay, Weston- 
super-Mare ; Bridge, for the Waterford 
Gas Co.; Clay silo at Wishaw, for the 
Glasgow Iron & Steel Co. 

Water Tower.— The water tower for the 
Bath Corporation is situated on the top 
of a hill, and is consequently very much 
exposed to the wind. As the total height 
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Weymouth Corporation. 


of the tower measures about 65 ft., the 
work had to be calculated strong enough 
to resist heavy wind pressures in addition 
to the weight of water. The tank is sup- 
ported by six central pillars and twelve 
outer pillars 15 in. by 15 in., suitably 
braced and having a height of 45 ft. The 
work and the general design were carried 
out under the supervision of Mr. Jules 
Dent Young, A.M.I.C.E. Waterworks 
Engineer of the Bath Corporation, and the 
working drawings for the reinforced con- 
crete were prepared by Messrs. Edmond 
Coignet, Ltd. The general dimensions of 
the tank are 11 ft. in height measured 
from the inside of the bottom to the top 
of the cornice, and the inside diameter 
45 ft. 3 in. The capacity is 100,000 
gallons with a height of water of ro ft. It 
is covered by a reinforced concrete dome 
surmounted by a lantern for ventilation 
purposes. The inlet and outlet and over- 
flow pipes have been grouped in the 
centre of the tank and adequately pro- 
tected from frost. The height of the 
tower from ground level is 45 ft., and the 
foundations have been carried down 
4 ft. 6 in. and are resting on the solid rock 
upon isolated footings. . 

The retaining wall alongside the river, 
for the Tottenham Gas Co., was carried 
out by the Monnoyer British Construc- 
tion Co. The length of this wall is about 
288 ft., and the height 8 ft. Piles were 
driven into the ground and pre-cast 
panels placed in position at the back of the 
piles. 
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The same contractors also carried out 
the sunk roadway, 300 ft. long by 40 ft. 
wide, for the Weymouth Corporation. 
This roadway, which is supported on re- 
inforced concrete piles, is below water 
level, and was therefore constructed 
somewhat after the manner of a tank. 
The work was carried out under the super- 
vision of Mr. Jamieson, the Borough 
Engineer. 

The crane track recently constructed 
on the Coignet system by Messrs. H. M. 
Murray & Co., of Glasgow, for the Glasgow 
Iron & Steel Co., at Wishaw, is 200 ft. 
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long and about 50 ft. high, and is notable 
for the particularly fine finish the con- 
tractors have given to the surface. 
When it is completed, the Marine Lake 
at Glentworth Bay, Weston-super-Mare 
(construction of which has just begun) 
will be the largest marine lake in this 
country, as it encloses about 8 acres of 
water. The sea wall which cuts off 
Glentworth Bay is composed of reinforced 
concrete caissons each 20 ft. long by 12 ft. 
wide by то ft. high, filled with sand after 
being floated in position. These caissons 
will rest on a prepared mass concrete 
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Inforced Concrete Design by Edmond Cognet, 144. 


100,000-gallon Water Tower for Bath Corporation. 
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Retaining Wall for Tottenham Gas Co. 
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(К.С. Design by Edmond Catgnet, Ltd, 
Marine Lake, Glentworth Bay, Weston-super-Mare. 
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Interior of Building for Bell 


foundation. 
by the Ministry of Health, and Messrs. 
Coignet have been appointed consulting 
engineers for the work in collaboration 
with Mr. H. A. Brown, Borough Engineer 
of Weston-super-Mare. The contractors 
are Messrs. Nott Brodie & Co., Ltd. 
The working drawings for the reinforced 
concrete work for the buildings for the 
Bell Telephone Company, at Antwerp, 
were prepared in Messrs. Coignet’s London 
office under the supervision of Mr. F. S. 
. Giller, Plant Engineer of the Inter- 
national Standard Electric Corporation. 
These buildings, which are called build- 
ings "I" and “ H,” have a total height 
from ground level to the roof of about 
68 ft. The length of building "I" is 
217 ft. by a width of 50 ft., and building 
“ H” (which is at right angles to the 
other building), has a total length of 
130 ft. by a width of 59 ft. These build- 
ings have been erected on water-logged 
ground, and a special raft foundation 
had to be provided to keep the water out. 
The buildings comprise a basement and 
four floors with a flat roof. The ground 
floor has been calculated to carry heavy 
stamping machines. The upper floors, 
however, are of lighter construction 
sufficient to carry smaller machinery. 
The constructional work was carried out 
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[R.C. Design by Edmond Coignet, Lid, 
Telephone Manufacturing Co. 


by Messrs. Hargot & Somers, Belgian 
contractors. The facade of the building 
is in cast stone and brick, but the struc- 
ture itself is entirely in reinforced con- 
crete. On the top of the roof are two 
water tanks for sprinklers and other 
purposes. | 


Concrete Piling, Ltd. 

The principal works on which this firm 
has been engaged during 1926 are the 
following : 

Reinforced concrete gas purifiers, for 
the Gas Light & Coke Co., at Beckton; 
Coke and coal hopper, for the Gas Light 
& Coke Co., at Bow Common; Docks 
and jetty for the Thames Steam Tug & 
Lighterage Co., at Brentford; Sheet 
piling of river wal! at the Waterworks of 
the Windsor Corporation; Construction 
and driving upwards of 2,500 reinforced 
concrete piles for the foundations of the 
extensions of Barking Power Station and 
the construction of the superstructure for 
the new station. Two views are given 
of this piling work. 


Considére Constructions, Ltd. 


The following are some of the principal 
works for which Messrs. Considére Con- 
structions, Ltd., have acted as Consulting 
Engineers for the reinforced concrete : 


Footbridge at Morden.—The railway 
lines giving access to the new car sheds 
constructed by the Underground Railway 
Companies at Morden in connection with 
the extensions to the Hampstead & 
Highgate Tube, traverse а public foot- 
path, and it was necessary to build a 
bndge, about 700 ft. long, with a ramp 
at each end, in order that pedestrians 
might cross the new lines. The Chief 
Engineer of the Underground Railways 
wished the bridge to be in reinforced 
concrete and of pleasing appearance, and 
the constructional depth was required to 
be as small as possible in order to 
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minimise the length of the ramps at 
each end. The bridge has openwork 
parapets, which are treated as the main 
girders, the diagonal members in the 
parapet forming the shear members of the 
girders. The spans are in all cases about 
70 ft. 

Kelvin Hall, Glasgow.—The contract for 
the reconstruction of this Hall, which 
was destroyed by fire about two years 
ago, was placed by the Corporation in 
April last. The new building consists of 
four bays of vaulted roofing, which, 


together with the supporting columns, is 


entirely in reinforced concrete. There 


(R.C. Design by Edmond Coignel, Ltd. 


Crane Track at Glasgow. 
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[Concrete Piling, 144., Contractors. 


Piling at Barking Power Station. 


are three vaults of 110-ft. span, and one 
of 60-ft., and the total length of the 
building is about боо ft. In spite of the 
difficulties consequent on the coal strike 
the contractors (Messrs. John Train & 
Co., Ltd., of Glasgow), have pushed the 
work forward with great speed and the 
building is now nearly complete. 
Building for Carreras, Ltd.—This well- 
known firm of tobacco manufacturers 
has placed a contract for the construction 
of what will be the largest reinforced 
concrete building in London. Some 
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months ago they purchased a site at 
Mornington Crescent, N.W., and con- 
tracts were placed with Sir Robert 
McAlpine & Sons, Ltd., for the excava- 
tion and a reinforced concrete retaining 
wall. A further contract has now been 
given to the same firm for the super- 
structure. The joint architects are 
Messrs. M. E. & O. H. Collins and Mr. 
A. G. Porri. The building is one of the 
first attempts to treat the ornamental 
facade of a large building entirely in 
concrete, colour effects suitable to an 
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Piling at Barking Power Station. 
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Egyptian type of architecture being 
employed. The frontage of the building 
to Hampstead Road is nearly боо ft., 
and the total area of floor space is nine 
acres. 

Scarborough | Harbour.—Some years 
before the war a scheme was prepared by 
the consulting engineer to the Scar- 
borough Harbour Commissioners for the 
construction of a reinforced concrete 
wharf within the Harbour. This scheme 
was in abeyance for many years, but, the 
necessary facilities having been obtained, 


a contract for the construction of the 
wharf, which is about 495 ft. long, was 
placed with Mr. G. H. Gibson. The 
consulting engineer to the Harbour Com- 
missioners is Mr. H. J. Paul, A.M.Inst.C.E. 

Factory at St. Helens.—The very large 
new works which the Nuera Art Silk Co. 
is building at St. Helens are entirely in 
reinforced concrete, including north light 
roofs of over 70-ft. span. The contrac- 
tors are Messrs. Griffiths, Sons & Crom- 
well, Ltd., of Liverpool. 


Empire Stone Co., Ltd. 


_ The following are some of the contracts 
in course of construction or completed 


REINFORCED CONCRETE IN 1926. 


in 1926 on which Empire stone has been 
used :— 

London.—Peter Robinson’s Extensions, 
Oxford Street ; Holloway Arcade, Hollo- 
way Road; Showrooms, Acton, for 
Messrs. Stewart & Ardern; Premises, 
100-102 Oxford Street ; Bouverie House, 
Fleet Street; Offices, Upper Baker 
Street, for Abbey Road Building Society ; 
Extensions to Factory for Wanders 
Ltd., Kings Langley; Flats, Knights- 
bridge Court, 49-50 Grosvenor Square 
and 48 Grosvenor Square; Offices and 


(В.С. Design by Considére Constructions, Ltd. 
Reconstruction of Kelvin Hall, Glasgow. 


Warehouse, Bridgewater Street and 
Bridgewater Square; Royal Scottish 
Corporation Offices, Crane Court ; Offices, 
31-33 Milk Street; Clinic, Riseholme 
Street, Hackney; Café Royal, Glass- 
house Street; Quadrant Arcade, Air 
Street and Glasshouse Street; Regent 
Arcade, Argyll Street. 

Contracts in the provinces include: 
Convalescent Homes, Skegness ; Second- 
ary Schools, Swansea; Bridges at Hall 
Place, Tonbridge; Pumping Station, 
Prestwood ; 'Bus and Car Sheds for 
City Corporation, Nottingham; Meat 
market, Nottingham; New pumping 
station, Bilston; ‘‘ Ward Arms ” Hotel, 
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Dudley ; Nurses' Home, Stafford ; Court 
House, Rotherham ; Offices and factory 
for Messrs. Kunzles, Queen's Hospital 
Extension, offices and factory for Messrs. 
Lucas, Ltd., premises, Besford Court 
Colony, and 'Bus Garage, Harborne, 
Birmingham ; Picture House at Granby 
Street and Town Hall Square, offices for 
“ Leicester Mail,” and factory for B. 
Russell & Sons, Leicester ; Weaving shed 
for Messrs. Courtaulds, Ltd. Leigh; 
Premises for District Bank, Walkden ; 
Premises for Courtaulds, Ltd., Wolver- 
hampton ; Premises for District Bank, 
Old Colwyn; Picture House, Spalding ; 
St. Andrew's Hospital, Northampton ; 
Secondary Schools, Westcliff-on-Sea ; Fac- 
tory, Elland Road, Leeds; Mills for 
Messrs. G. H. Heath & Co., Macclesfield. 

Among the contracts carried out by 
the firm in reinforced concrete are: 
Messrs. Formans’ New Printing Works, 
' Nottingham; Fire Station, Leicester ; 
^ Factory for Messrs. T. & УУ. Farmiloe, 
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Ltd., London ; Open-air swimming pool 
at Tyringham House, Newport Pagnell, 
Bucks. 


Evans Bros. (Concrete), Ltd. 


This firm is now concerned mostly with 
pre-cast concrete and cast stonework, 
and in this connection has during the past 
year carried out cast stonework for 
various important buildings and to 
housing schemes at Doncaster, Ilkeston, 
Sutton, etc. In cast stone work of the 
larger size the firm has carried out the 
architectural dressings to a new church 
at Ambergate, the extensions of the 
Empire Theatre at Ripley, the dressings 
to the Greasley Church Institute, the 
new sports pavilion of the Sheffield 
University, and other jobs of a simiiar 
nature. 

In the Engineering Department the 
firm has designed and supplied the rein- 
forcing steel for retaining walls, floors, 
and flats to the new schools, Westhill, 
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[Cast Stone by Empire Stone Co., Ltd. 


Conservative Club, London, S.W. 
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[Reinforcement by Expanded Metal Co., Ltd. 


Foundation Rafts for Eastbourne Housing Scheme. 


Torquay, for the Education Committee ; 
for floors and flats for three schools for 
the Derbyshire Education Committee, one 
school for the city of Liverpool, and one 
for the Borough of Mansfield. The firm 
has also carried out complete a tunnel 
142 ft. long in reinforced concrete at 
Haddon Hall. 


Expanded Metal Co., Ltd. 


Some of the more important works in 
which '' Expamet " reinforcement has 
been used during 1926 include: Shard- 
low Reservoir, Borrowash; Retaining 
wall, Shepherds Bush, for Anglo-American 
Oil Co., Ltd.; Retaining wall, Almond 
Pow Burn, for the Burgh of Grangetown ; 
Tang Wall Beck, Culvert, for City of 
York; Flooring, etc., at power station, 
Thorpe ; Footings on housing schemes at 
Hoylake Common and Leeds; Founda- 
tions, flooring and roofing at Marton 
Grove Schools, Middlesbrough ; Esholt 
Sewage Works for the City of Bradford. 

Flooring and roofing at Messrs. Tetley’s 
Brewery, Leeds; Foundations, flooring, 
roofing, etc., at Messrs. Terry’s, Ltd., 
York; Flooring, etc. for Cadbury’s, 
Ltd., Bournville ; Foundations and floor- 


ing at Meanwood Hotel, Leeds ; Holgate 
Institution, Middlesbrough; McVitie & 
Price’s factory, Willesden. 

Tramway sheds at Liverpool; Gros- 
venor Hall, Belfast ; Flooring and roofing 
at Rialto Cinema, Liverpool; Sea wall, 
Western Beach, Dover; Vickers’ factory 
at Weybridge ; Flooring, etc., at Muck- 
ross Dominican College, Dublin; Super- 
structure for church at Lough Derg; 
Foundations to houses at Eastbourne ; 
Foundations of Leys School, Cambridge ; 
Sheet piling for Grand Junction Canal 
Co.; Lining to bunkers at Foleshill Gas 
Works; Foundations to purifier at 
Burnley Gas Works; Power station at 
Torquay ; Paving at Electricity Station, 
Hull. 

Flooring, etc., at the Pier Pavilion, 
Douglas, Isle of Man; Bank premises at 
Wisbech; Tank at margarine works, 
Liverpool; Fruit warehouse at York; 
Bathing pool at Margate; Flooring at 
Wath Main Colliery ; Various concrete 
works for the Synthetic Ammonia & 
Nitrate Works, Haverton Hill; Founda- 
tions at the British Legion Factory, 
Richmond ; Bridges and retaining walls 
at Longstanton; Bridge and dry dock 
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at Jarrow-on-Tyne ; 
Hill, Allenheads. 

Tang Hall Culvert.—This scheme con- 
sists of culverting a portion of Tang Hall 
Beck, which passes through part of the 
York Housing Estate. It is intended to 
fill up the low land crossed by the culvert 
(which is useless and liable to floods in 
winter) to the level of the bounding roads 
and utilise the space provided for allot- 
ments or recreation grounds. 

The culvert is semi-circular, with a 
concave invert, and measures 5 ft. from 
top to bottom and 7 ft. from side to side. 
The base, which was constructed on soft 
foundations, was reinforced with No. 61 
“ Expamet " weighing 91 lbs. per super 
yard, placed 2 in. below the invert at the 
centre. The arch is also reinforced with 
No. бі “ Expamet”’ placed 1} in. from 
the intrados and 14 in. from the extrados, 
the reinforcement being taken down to 
meet the horizontal reinforcement in the 
base. Stirrups of hoop iron bent to a Z 
shape were placed between top and bot- 
tom reinforcement in the arch at intervals 
of about 1 ft. 

The reinforcement for the intrados and 


Bridge at Smelt 
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extrados of the arch was supplied in 
three pieces having 12 in. laps in the 
haunches, and was delivered on the site 
in sheets bent to the required contour 
ready for fixing into position. In this 
way all reinforcement was easily handled 
and quickly fixed. The line of the cul- 
vert differed from the winding course of 
the beck, necessitating about 4 ft. of 
excavation along its length. 

The 6 to 1 Portland cement concrete 
forming the base was placed into position 
(on ashes) up to the horizontal reinforce- 
ment, which was pressed slightly into the 
concrete. Templates to the contour of the 
invert were then fixed 8 ft. apart and 
further concrete placed and screeded ой. 
The slightly curved vertical haunch 
reinforcement was fixed into the con- 
crete base, part of it being left standing 
out until the arch concrete was placed. 
The arch was constructed in lengths of 
about 50 ft., wood drum centres with 
surfaces treated with soft soap being 
used. The arch reinforcement was then 
fixed and the concrete placed into position 
and well tamped. All concrete was mixed 
by hand on a platform adjoining the 
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Tang Hall Culvert, York. 


estate road, and conveyed to the required 
position on a jubilee track. 

Three vertical shafts are provided along 
the culvert, and W.I. grids at each end. 
The total length 15 300 yards, and the 
inclusive cost £3,160, which works out at 
{10 16s. per lineal yard. The work was 
commenced on March 1, 1926, and 
finished on September 21. About 18 men 
per week were engaged on the work. The 
City Engineer is Mr. J. W. Spurr. 


F.C. Construction Co., Ltd. 


This firm specialises in the design and 
construction of buildings to accommodate 
plant used in the gas industry, and most 
of the work during 1926 has been carried 
out at gas works throughout the British 
Isles. Work completed or in course of 
completion during the year includes 
Gasholder slab foundations at Bognor, 
Chesterfield, Rayleigh, Brentwood, Dar- 
lington, Calverley and Worsboro' Dale ; 
Purifier foundations have been con- 
structed at Northwich, Stoke, Rugby, 
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Goole, etc. ; Water tanks are in course of 
construction at Sheffield and Nottingham, 
also railway gantries at the latter place ; 
Bunkers have been completed at Oxford 
and Cardiff, whilst contracts have just 
been entered into for this class of struc- 
ture at Tunbridge Wells and Harrogate ; 
Foundations to 500 houses have just been 
completed at Derby. 

A reinforced concrete ore bunker in 
Yorkshire to hold 4,000 tons of iron ore 
is now nearing completion. The opening 
took place in November last of the new 
boiler house for powdered-fuel boilers 
for the Derby Corporation. The rein- 
forced concrete work includes boiler 
foundations, a hot well and a house, 
designed by the company to the instruc- 
tions of Mr. A. Eaton, architect. A new 


sulphate house with foundations, tanks 
and subsidiary structures are being carried 
out to the design of the Company at 
Manchester, while work in hand also 
includes gasholder tank extensions in the 
Isle of Wight. 
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Boiler House at Derby. 
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(Ғ.С. Construction Со., 144., К.С. Designers & Contractors. 
Ore Bunker in Yorkshire. 


Gloucester Concrete Construction 
Co., Ltd. 


During the past year this company has 
further developed its chief activity, the 
manufacture of architectural dressings 
and moulded work with an impervious 
surface closely resembling natural stone, 
and the plant has been further extended. 
Cast stonework has been provided for the 
following contracts amongst others during 
the year just completed : 


Treherbert Hospital (Mr. W. D. Mor- 
gan, M.S.A, architect); Pontypridd 
Workmen's Hall (Mr. J. H. Davies, archi- 
tect) ; Olympia Cinema, Bristol (James 
Pugsley & Son, contractors) ; Ilfracombe 
War Memorial approach and walling (Mr. 
Е. B. Goodman, engineer and surveyor) ; 
Balustrading, walling and shelters for 
Barry U.D.C. (Mr. E. R. Hinchsliff, F.S.I., 
architect); Taibach Church (Messrs. 
Thomas & Morgan & Partners, archi- 
tects); Sills, steps, grand stand and 
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[By Gloucester Concrete Construction Co., 114. 


Cast-Stone Balustrade, in Cream Finish, at Whitmore Bay. 
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balusters, for the Chepstow Racecourse 
(W. T. Nicholls, Ltd., contractors) ; 
Rhymney Hall (Mr. Walter Rosser, archi- 
tect); British Legion poppy factory flats 
at Richmond (Messrs. A. C. Thomas & 
Douglas Wood, architects); Officers’ 
mess, Smallshot Camp, Aldershot (Sir 
Lindsay Parkinson, contractors). 

In addition, numerous contracts for 
housing schemes in various parts of the 
country have been carried out. 


Holland & Hannen and Cubitts, Ltd. 


A great deal of interesting reinforced 
concrete work has been carried out at the 
new Head Office of the Midland Bahk, in 
Poultry. This work consists of many new 
and novel features, and gives a good illus- 
tration of what can be accomplished in 
a short time with reinforced concrete, 
especially when the work can proceed 
without the use of asphalt and produce 
the same results. 


REINFORCED CONCRETE IN 1926. 


A reinforced concrete raft covers the 
entire site, and varies in thickness from 
7 ft. 9 in. to 14 ft. зіп. The concreting 
work of this raft and retaining walls was 
started on February 26, 1926, and the 
first structural steel was fixed on April 1, 
1926, with the result that all was com- 
pleted by November 3, 1926. 

There are 103 ft. of retaining wall on 
the Poultry front to a depth of 43 ft. 7 in., 
5 ft. thick at the base and 3 ft. at the 
top. There are 117 ft. of retaining wall 
in Grocers Hall Court to a depth of 59 ft. 
4 in., 6 ft. at the base and 2 ft. 6 in. at 
the top. Under the London Joint Stogk 


: Bank has been erected a permanent wall 


84 ft. long which serves the purpose of 
underpinning and is a division wall of the 
two sections of the building. This wall 
at the inside end runs under the old 
building a distance of 14 ft., and the 
method of accomplishing this feat is 
shown on the illustration. 
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(Holland & Hannen and Cubitts, 144., Contractors. 


Foundation Work at New Head Office for the Midland Bank. 
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[К. Holst & Co., К.С. Designers & Contractors. 


Reinforced Concrete Bridge at Welney. 


There are also 260 ft. of temporary 
underpinning of adjacent buildings, which 
have been supported on R.S.J.’s backed 
up by a 12-іп. slab of reinforced concrete. 
This method was used to simplify removal 
when the demolition of the buildings takes 
place for the new section, as the complete 
building is being erected in four sections. 

All the floor arches throughout are of 
heavy reinforced concrete minus 4 in. 
from the finished floor for the reception 
of electric conduits and floor finishes. 


K. Holst & Co. 


A large number of bridges and other 
works have been carried out by this firm 


during the past year, among the largest 
of which are the following : 

The old suspension Bridge over the 
river Ouse at Welney is being replaced 
for the Norfolk County Council by a rein- 
forced concrete structure 160 ft. long and 
30 ft. wide, the centre span of 9o ft. being 
constructed as a twin arch with suspended 
decking, as illustrated. 

The Lindsey County Council's Pilfrey 
Bridge has been reconstructed in rein- 
forced concrete ; the new bridge is rro ft. 
long in four spans and 30 ft. wide between 
parapets. The approaches have necessi- 
tated retaining walls nearly 500 ft. long. 
Both of these bridges are built on piled 
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LX. 110151 <> Co., К.С. Designers & Contractors. 


Wall on Grand Junction Canal. 


Digitized by Google 


lis sal 


foundations, and have been designed for 
the Ministry of Transport's standard 
loading. 

A viaduct, also designed for the Minis- 
try of Transport's loading, is being built 
over the L.N.E. Rly. line at Tottenham. 
The total length of the viaduct, including 
the reinforced concrete approach slopes, 
is nearly 9oo ft., and the centre span of 
бо ft. crosses four main-line tracks. 

Contracts for several smaller bridges in 
various parts of the country are also in 
course of execution. Approaches to a 
bridge over the L.M.S. Railway at West- 
cliff-on-Sea, consisting of reinforced con- 
crete retaining walls 400 ft. in length and 
up to 25 ft. high, have been designed and 
built for the Southend Corporation, to- 
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gether with twelve shops and garages 
under the approach road. 

Reinforced concrete wharves and sheet- 
pile walls 700 ft. in length and averaging 
20 ft. high above the dredged level of 
the canal have been built on the Grand 
Junction Canal and the Limehouse 
Cut. 

Piled foundations and rafts for a gas- 
holder tank at Port Talbot, and a destruc- 
tor works at Leamington Spa, have been 
designed and constructed, and a similar 
foundation is in hand for a new gasholder 
at Staines. 

Reservoirs and tanks have been built 
in Lancashire and the eastern counties ; 
an elevated tank at Windsor for the 
Borough Council; and a 120,000-gallon 


(К, Holst & Co., R.C. Designers and Contractors, 
120,000-gallon Water Tower at Woodside. 
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(К.С. Design by Indented Bar & Concrete Engineering Co., Ltd. 


750,00C-gallon Water Tower at Goole. 
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elevated tank at Woodville has been 
completed. 

A large set of purifiers, consisting of 
eight boxes each 50 ft. by 36 ft., with an 
oxide floor and gantry over, and tar tanks 
of 4,000-tons capacity underneath, have 
been built for the Gas Light & Coke Com- 
pany at a cost of over £20,000; other 
works for this Company include a set of 
overhead coke bunkers with outlets 40 ft. 
above ground level and a 1,000-gallon 
underground tar tank. 


Indented Bar & Concrete 
Engineering Co., Ltd. 


Amongst the more important works 
designed by this firm during the past 
year were the following : Warehouse at 
Staines, for the Linoleum Manufacturing 
Co., Ltd.; Warehouse at Wakefield, for 
Messrs. Paton & Baldwins, Ltd. ; 750,000- 
gallon water tower at Goole, 145 ft. high 
(believed to be the largest in this country, 
and possibly in the world); Bridges at 
Sibsey, Swineshead, Felindre, Droitwich, 
and elsewhere; Filter beds at Egham ; 
Quay at King’s Lynn; 1,000,000-gallon 
reservoir at Uxbridge ; Cellarage at Pad- 
dington, for the Great Western Railway ; 
Store at Billingsgate Market, for the City 
Corporation ; West Park Mental Hospital, 
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Epsom, for the London County Council ; 
and many schools for the Middlesex County 
Council and other authorities. 

Amongst the more important works 
commenced during the year and still in 
course of construction, are the following : 
Bridge of the bow-string girder type (great- 
est span 110 ft., length 600 ft.) ; Orches- 
tral piazza and bathing pool at Skegness ; 
Grain silos at Ipswich; Cereal store at 
Nocton, Lincolnshire ; Offices for the Hol- 
land County Council at Boston; Bridges 
at Colnbrook and Finchley, for the Middle- 
sex County Council ; School at Achimota, 
Gold Coast; Colonnade and dressing 
rooms, Norwich; Engine shed, Porta- 
down, Ireland; Tramway depot, Shef- 
field ; Sea wall at Blyth ; 8-story factory 
at Staines, for the Linoleum Manufactur- 
ing Co., Ltd.; 4,500,000-gallon cooling 
pond at Southwick, for the Brighton Cor- 
poration Electricity Department ; and a 
large number of schools. 

All these works were designed by the 
Company in London, while branches in 
Australia, New Zealand, and South Africa 
have carried out a large number of struc- 
tures, such as bridges, power stations, 
water towers, reservoirs, warehouses, silos, 
etc. The Company also controls the 


“ Hollocast’’ concrete floor. 
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Boat Quay at Kings Lynn. 
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(Industrial Constructions, Ltd., К.С. Designers © Contractors. 
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(Industrial Constructions, 144., К.С. Designers & Contractors. 
Warehouse at Kensal Road, W. 


Industrial Constructions, Ltd. 


We illustrate here two of the many 
reinforced concrete works carried out by 
this firm in 1926. Another important 
WOrk, a 10,000-ton coal bunker, is illus- 
trated and described elsewhere in this 
number. 

Warehouse at Kensal Road, W.—This 
contract comprises the building complete 
in every respect, including demolition of 
old buildings, excavations, reinforced 
Concrete work, internal fittings, lift and 
lift enclosure, patent glazing to roofs, 
and the alterations to existing property to 
conform with the London Building Act. 

* building is composed of reinforced 
concrete throughout and has been 
designed in accordance with the L.C.C. 
терша Боп, The building has а frontage 

72 ft., a depth of 64 ft., a height from 
round level of 45 ft., and comprises 
қ 227) ground floor, and three floors 

°, with a flat roof over one-third of 
dri, and north light roof over the 
i а ег. The concrete is composed of 
ad of crushed ballast to 2 parts of 
The ker to 1 part of Portland cement. 
mild M. throughout consists of 
ог mild steel complying with the B.S.S. 


е ground floor is finished with І in. 


of granolithic which was laid within 24 
hours of concreting the floor slab. In 
order to secure the best effect and avoid 
rendering, the shuttering to the principal 
elevations is being glued up with water- 
tight glue and planed off where necessary. 
The building is being erected in two 
parts, the three left-hand bays shown in 
the longitudinal section being completed 
first. 

The work was commenced on August 20, 
1926, and the first floor is now concreted. 
The first portion of the building will be 
finished within seven to eight months of 
itscommencement. The building is being 
erected for Messrs. A. Sanderson & Sons, 
Ltd., wallpaper and paint manufacturers, 
and is to be used for loading and unloading 
materials, the manufacture of paint and 
the storage of finished products. Part of 
the first floor has been reserved for office 
accommodation and the basement is to 
accommodate the large gas engine driving 
the plant, etc. 

200,000-Gallon Water Tower, Skegness. 
—This contract was secured in open com- 
petition, and is now practically completed 
within the contract time of seven months. 
The engineer for the water tower and the 
attendant works is Mr. Percy Griffith, 
M.Inst.C.E., M.I.M.E., of 39 Victoria 
Street, S.W.r. 
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[Industrial Constructions, IM. R.C. Designers & Contractors. 
Water Tower at Skegness. 


The height from ground level to the 
highest water level is 9o ft.; the total 
height of the water tower is 103 ft. gin.; 
the inside diameter of the tank is 50 ft. ; 
and the inside diameter of the supporting 
tower is 36 ft. The foundations consist 
of a reinforced concrete raft composed of 
a beam underneath the walls, a circular 
slab between the walls, and a cantilever 
footing outside the walls. The supports 
to the tank consist of a cylinder having a 
door at ground level and windows at 
different heights, as shown in the photo- 
graph. The bottom of the tank between 
the walls is a dome, and the portion out- 
side the walls is conical in form. The 
tank walls rise vertically from the 
extremities of this conical bottom. The 
flat roof is supported by the outside 
walls of the tank and by the walls of 
a cylinder passing through the centre 
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of the tank, giving access to the 
roof. 

The structure throughout is composed 
of concrete, reinforced with mild steel 
bars. The shuttering for water towers of 
this description is difficult and expensive, 
but the whole of the work went through 
smoothly without a hitch. A fact 
worthy of note is that after the concret- 
ing of the tank commenced it was 
proceeded with continuously. This in- 
volved the erection of practically all the 
shuttering and steel reinforcement before 
concreting commenced, and, although 
it added considerably to the shuttering 
difficulties owing to wind pressure in 
such an exposed spot, it had the advantage 
of minimising the difficulties so often 
experienced where an endeavour is made 
to join new concrete to concrete which has 
already become hard. 


Digitized by Google 


A. Jackaman & Son, Ltd. 


Super Generating Station at Birming- 
ham.—A small section of this large con- 
tract is illustrated in the photographs 
which show the cooling ponds. These 
ponds accommodate forty-five cooling 
towers and cover an area of from three 
to four acres. They constitute an im- 
mense range of reinforced concrete tanks 
entirely supported on piles, the floors and 
walls being of comparatively thin beam 
and slab construction. The framework 
for carrying the towers is shown in the 
photographs, and an interesting reinforced 
concrete cantilever canopy along one side 
of the work to protect the timber towers 
from the sparks thrown from passing 
trains. 

Deep Water Jetty at Northfleet.—The 
rapidly increasing manufacture of cement 
on the Thames, which now employs some 
of the most up-to-date and extensive plant 
in the world, has necessitated the provi- 
sion of new deep-water accommodation 
for ships at the new Bevans Works of the 
Associated Portland Cement Manufac- 
turers, Ltd., at Northfleet. This consists 
of an island jetty боо ft. long and 4o ft. 
wide running parallel with the river bank, 
with berthing accommodation for 5,000- 
ton ships at all states of the tide. The 
work, which is now completed, is an ex- 
cellent example of up-to-date reinforced 
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concrete construction. The wharf, which 
we hope to describe fully later, carries elec- 
tric cranes and conveyor plant of the most 
recent type for rapid and economical 
handling of cement. 

Wharf and Sheds at Royal Victoria Dock. 
—This extensive contract for the Port of 
London Authority is now complete and 
ready for traffic. As shown in the photo- 
graphs, it comprises a reinforced concrete 
wharf about 750 ft. long with transit sheds 
of steel-frame construction, extensive 
areas of sidings, and reinforced concrete 
roadway. The building of the wharf was 
expeditiously carried out, as may be 
gauged from the fact that it includes 68 
large cylinders which can be seen through 
the fendering in the photographs, and the 
period between the sinking of the first 
and last cylinders was but little over four 
months. 

Engine Sheds at Exmouth Junction.— 
The photograph shows a 62}-ton test in 
the lifting bay, which has recently been 
completed. The sheds cover about two 
acres and are a good example of what can 
be done with reinforced concrete frame 
construction filled in with concrete block 
walls and pre-cast roof slabs. Roof prin- 
cipals of considerable span were also pre- 
cast. The smoke chutes, of which there 
are a large quantity, are made of thin 
reinforced concrete. 

Wharf at Chelsea Creek.—This recently 


(А. Jackaman & Sons, 144. Contractors. 


Super-Generating Station at Birmingham. 
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Framework for Cooling Towers. 


“ "` T = a> = > = Jt р - 
ГА. Jackaman & Son, Lid., Contractors. 


Concrete Canopy at Super-Generating Station, Birmingham. 
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LA. Jackaman & Son, Lid., Contractors. 


Meat Trade Accommodation at Royal Albert Docks. 


completed 830 ft. wharf for the Great 
Western Railway, has greatly improved 
the accommodation for barges in Chelsea 
Creek, It consists of a reinforced con- 
crete wall and relieving platform supported 
on king piles and a line of reinforced con- 


crete sheet piles throughout the length of 
the wharf. 
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Johnson's Reinforced Concrete 
Engineering Co., Ltd. 


From among the structures designed by 
this firm during the past year we illustrate 
the headgear, heapstead and gantry 
buildings at Arley Colliery, Warwickshire, 
and the bridge over the river Severn at 


- 


Ж 


x 
л 


2 |... ВЭ ` 
Гм Г 
4d = - 
Y* 3o 49 


% = 


m 


DE. я 


E 


= 


—! 


» % 


f riis 


МЕЗ = `x 


(A. Jackaman © Son, Ltd., Contractors. 


Meat Trade Accommodation at Royal Albert Docks. 
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Dolwen. The bridge, which was designed 
for the Newtown and Llandilos Rural 
District Council under the direction of the 
Surveyor, Mr. Thomas Humphreys, has a 
total length of 140 ft., with end spans 
of 39 ft., and a centre span of 62ft. The 
roadway is 18 ft. wide and the footpaths 
3 ft. 6 in. 


John Laing & Son, Ltd. 


During 1926 houses on the “ Easiform ” 
system of concrete construction have been 
built as follows : 

Gosport: Scheme for 122 houses under 
the Borough Engineer, Mr. E. J. Good- 
acre. А further 198 houses at present in 
course of construction.—Hayes: Sixty 
houses under Mr. T. Alwyn Lloyd, 
F.R.I.B.A.—Plymouth: Scheme of 84 
houses for the Gt. Western Railway Co., 
under Mr. T. Alwyn Lloyd, F.R.I.B.A.— 
Woolwich: Contract for 500 houses 
started, for the Metropolitan Borough of 
Woolwich.—Tottenham : Contract for 300 
houses started, for the London County 
Council. 

Other reinforced concrete works in 
which the firm is interested include: St. 
Nicholas Bridge, Carlisle, which has a con- 
siderable amount of concrete embodied in 
its construction.—Carr’s factory, Carlisle : 
New extension in concrete with brick 
veneering.—New premises for Messrs. 
Robinson Вгоѕ., Ltd., Carlisle, with 
concrete floors and roof, and everything 
of concrete except the veneering. Mr. H. 
Foxall, L.R.I.B.A., is the architect.— 
Officers’ Mess, Catterick, Yorks: Con- 
structed solely in concrete with the 
exception of the veneering. Carried out 
for the War Office. There are quarters 
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ГА. Jackaman & Son, Ltd., Contractors. 
Engine Sheds at Exmouth Junction. 
(621-Ton Test in Lifting Bay.) 


for 30 officers and servants, etc. This is 
one of the buildings comprising a contract 
amounting to approximately £500,000. 
The work entailed housing about r,ooo of 
the firm’s own staff in isolated, moorland 
country. For a large number married 
quarters were provided, together with 
schools, hospitals, and libraries. 
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Bridge over the Severn at Dolwen. 
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Peter Lind & Co. 


A reinforced concrete bridge designed 
and constructed by this firm for the Nor- 
folk County Council was opened for traffic 
at Stow on August 28 last. The total 
length is 326 ft. and the overall width 
30 ft., providing a 20-ft. carriageway and 
а 4-ft. footpath on one side. Тһе struc- 
ture is supported on 60 reinforced con- 
crete piles 14 in. square by 4o ft. long, 
driven to 30 ft. below Ordnance Datum, 
giving a total height of 75 ft. from the 
point of the pile to the top of the middle 
arch. The central arches have a span of 
93 М 6 in. and the end spans 63 ft. 9 in. 
each. 

Another important bridge recently 
completed by the firm is for the Middlesex 
County Council, and spans the District 
Railway at Sudbury. In this case the 
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whole of the reinforced concrete details 
were prepared by the Trussed Concrete 
Steel Company. The bridge has a width 
of 8o ft. between parapets and its total 
length, including approaches, is approxi- 
mately 210 ft. 

The buildings at Fulham for the Gas 
Light & Coke Company, mentioned in our 
last New Year Number, are now nearing 
completion. 

The most important contract secured 
by the firm in the early part of 1926 was 
for the erection of new works at Stoke-on- 
Trent for the Michelin Tyre Company. 
The value of this contract is considerably 
over £300,000, and includes :— 

(1) Several single-story buildings cover- 
ing an area of 400,000 sq. ft. 

(2) A multi-story reinforced concrete 
building with 45,000 sq. ft. floor area. 

(3) A boiler and power house with over- 
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head coal bunker in reinforced. concrete, 
accommodating four boilers. ` 

(4) A building containing nine under- 
ground petrol storage tanks. 

(5) A reinforced concrete enclosure wall 
IO ft. high by 3,000 yds. long. 

(6) 20,000 sq. yds. of roads. 

(7) All necessary rainwater and soil 
drains, as well as all sanitary arrange- 
ments. 

(8) Reinforced concrete elevated water 
tank 120 ft. high (capacity 44,000 
gallons). 

(9) Reinforced concrete pile founda- 
tions and beams. 

This contract is being carried out in 
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[John Laing & Sons, Ltd., Contractors. 


Concrete Houses in Cumberland. 


collaboration with Messrs. Saxild & 
Partners, of Westminster. 

Other contracts secured during the past 
year are foundations for turbo-alternators 
for the Corporations of Wimbledon, East- 
bourne and Darlington ; piling for buiid- 
ings and gas holder in connection with 
new C.W.S. plant; concrete work at 
Morriston Gas Works ; piling foundations 
for a gas holder at Poplar ; concrete roads 
at Crewe Loco Works ; switchgear gantry 
at Brimsdown Power Station; ash 
hoppers at Nine Elms Gas Works ; grain 
silos (200,000 bushels capacity) at Wel- 
wyn for the Shredded Wheat Co. ; power 
house foundations at Staines; reservoir 
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[Peter Lind & Co., R.C. Designers & Contractors. 


Bridge at Stow, for the Norfolk County Council. 
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(capacity 500,000 gallons) for Trowbridge 
Water Co. ; piling foundations at Purfleet 
and Beckton. 


Liverpool Artificial Stone Co., Ltd. 


We illustrate some examples of the very 
fine cast stone made by this Company 
during the past year. In addition to these 
ornamental pieces, the firm specialises in 
pre-cast units for architectural purposes, 
and a building on which these have been 
used is also illustrated. The works has 
now been extended to a capacity of 
4,000 cu. ft. of architectural dressings and 
3,500 super yards of paving flags per 
week, in addition to the usual building 
units and ornamental pieces. During the 
past year the company delivered well over 
100,000 super yards of granolithic paving 
flags. The list of buildings on which the 
firm's cast stone has been used is a very 
long one; it ranges from important city 
buildings and large factory buildings to 
housing schemes, and includes war me- 
morials, hotels, banks, theatres, public 
buildings, hospitals, and churches, to the 
specification of well-known architects. 


L. G. Mouchel & Partners. 


One of the principal works in progress 
to the reinforced concrete designs of 
Messrs. Mouchel & Partners is the new 
Border Bridge at  Berwick-on-T weed. 
This is the largest reinforced concrete 
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bridge so far undertaken in the United 
Kingdom. The old 15-arch stone bridge, 
dating from 1634 and measuring 924 
ft. long by only 17 ft. wide, proved 
totally inadequate to cope with modern 
traffic. The new bridge is planned to take 
the through main-road traffic, and is 
being constructed on a site well adapted 
to the formation of good approach roads 
and avoiding narrow streets at each end. 
The old stone bridge will be preserved and 
used for purely local traffic between 
Berwick and Tweedmouth. 

The new bridge, with a length of 
1,405 ft., will be carried on five main 
piers and will comprise four arch spans 
and two straight girder approach spans. 
The arches increase progressively in 
length from the southern approach, their 
spans being 167 ft., 248 ft., 285 ft. and 
361 ft. 6 in. from centre to centre of the 
piers. The southern approach, with four 
continuous girder spans, will be 199 ft. in 
length, and the northern, with two similar 
spans, will be 144 ft. біп. long. Measur- 
ing 46 ft. wide between parapets, the new 
bridge will be about 21 times the width of 
the old structure, which has for so long 
constituted a serious hindrance to traffic 
on the main highway to the North. 

Preliminary work was started in Decem- 
ber, 1924, in readiness for the commence- 
ment of excavations early in 1925. Good 
progress has been made throughout, and 


[Peter Lind & Co., R.C. Designers & Contractors. 
Stove and Meter Shops at Fulham nearing Completion. 
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Anfield Hotel, Liverpool. 


Cast Stone by the Liverpool Artificial Stone Co., Ltd. 
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New Border Bridge, Berwick-on-Tweed. 
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Caversham Bridge. 


(К.С. Design by L. G. Mouchel & Partners, 144. 
Little Hereford Bridge. 
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(R.C. Design фу L. G. Mouchel & Pariners, Ltd. 


Central Stores, Wakefield. 


the last span is now in course of con- 
struction, 

Other structures designed by this firm, 
50 far as the reinforced concrete details 
are concerned, include :— 

Bridges —Caversham Bridge (arch rib 
type ; two spans 126 ft. 4} in. and 106 ft. 
u in. respectively); Kirkcudbright 

ridge (bowstring girder type ; five spans 

ft. 9 in. each) ; Bow Bridge, Rother- 
.. rib type ; one span of 58 ft. 6in., 
эш fn width of 79 ft); Mights Bridge, 
a wold | ht girder type: three 
rw of 26 ft. 8 in. each); Allestree 
a Ж (arch rib ; one span of 
i ); Briardale Road Bridge (vaulted 
ar type; one span of 49 ft); Drip 
s mal ААР (arch rib ; two main 
беті; 2570 ft. each, with flood arch on the 
S ngshire side) ; three Bridges for the 
йы? e anty Council: Over Guildford 
ا‎ uthern Railway (straight girder 
Ores piles; two spans of 32 ft. each) ; 
(right ба Line, Southern Railway 
of 17 ft E type on piles; five spans 
Over the E » 42 ft. 42 ft. and 17 ft.) ; 
straight psom Line, Southern Railway 
girder NS m piles; three 

>H . » 49 It. and go ft); Little 
"Mord Bridge (arch rib Жи with a 

. Hertford Bridge 


(straight girder type; three spans, the 
centre span being 40 ft. and the two end 
spans 24 ft. 9 in. each ; width between 
parapets 49 ft. 9 in); Stone Bridge, 
Aylesbury (straight hollow girder type ; 
two spans of 21 ft. each); Egginton 
Bridge (arch rib type, with one span of 
123 ft. and approach viaducts 150 yds. in 
length, in spans of approximately r5 ft. 
each); Larbert Bridge (arch rib type; 
98 ft. span) ; bridge at Watford (straight 
girder type; five spans of зо ft. each, 
width between parapets 70 ft.). 

Other structures include: Chichester 
Reservoir (1,000,000 gallons capacity, 
with counterfort type of walls and flat 
roof); Nork Reservoir, for the Sutton 
Waterworks (4,000,000 gallons) ; Lamber- 
hurst, Exedown and Hastingleigh Reser- 
voirs (500,000 gallons each) ; Lodge Hill 
Reservoir (800,000 gallons); Epsom 
Reservoir (2,000,000 gallons); reservoir, 
Burgh Heath, Banstead (2,000,000 gal- 
101$); Kimberworth Reservoir, Rother- 
ham (2,000,000 gallons) ; Water Tower, 
Ilkeston (600,000 gallons;  octagonal 
design). 

Albert Wharf, for the Corporation of 
Newcastle-on-Tyne ; Londonderry Wharf 
for the Londonderry Port & Harbour ; 
jetties at Bristol, (ог the Imperial Tobacco 
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REINFORCED CONCRETE IN 1925. 


Co.; Nechells Generating Station, Bir- 
mingham (foundations, etc.) ; engine 
sheds, Ramsgate, for the Southern Rail- 
way ; cooling towers for the Liverpool and 
Leicester Corporations ; Grandstands at 
Trent Bridge, for the Nottingham County 
Cricket Club (standing and seating accom- 
modation for 6,000) ; Grandstand, Balls- 
bridge, Dublin (seating accommodation for 
2,000), Grandstand, Lansdowne Road, 
Dublin. 

New Fire and Police Station for the 
Bristol Corporation ; new Central Stores 
for the Wakefield Corporation; ware- 
house at Newport, for the Great Western 
Railway ; Georgian Buildings, Cardiff ; 
public baths, for the Newcastle Corpora- 
tion; extensions to Penarth Esplanade 
and Pier. 


Nott Brodie & Co., Ltd. 


The principal works completed during 
1926 are the following :— 

Four contracts for the Bristol “ Port- 
way," comprising the road formation, 
including nearly 400,000 cu. yds. of exca- 
vation, mostly rock; heavy skew bridge 
over the railway, requiring abutments 
about 140 ft. long with foundations down 
to 50 ft. below rail level ; viaduct across 


[R.C. Design Бу L. G. Mouchel & Partners, Lid. 


CONCRETI. 


the Trym Valley, having six spans of 
46 ft. 6 in. each founded on concrete 
monoliths to a depth of 55 ft. below 
ground level; the construction of a 
viaduct between the river and the cliff, 
having 13 spans of зо ft., with reinforced 
concrete slab superimposed. 

Other contracts include : The cut and 
foundations for the Seacombe landing 
stage, which is believed to be the largest 
work of its kind; the Chepstow Race- 
course ; reconstruction of the Arrow Fuel 
Wharf, Newport, Mon. 

The firm is at present engaged on the 
construction of a wall across Glentworth 
Bay at Weston-super-Mare. This will be 
built with ferro-concrete caissons con- 
structed on the shore and floated into 
position on to foundations previously 
prepared, and will have sufficient valves 
to retain the tide or allow it to recede. 


Perry & Co. (Bow), Ltd. 


The new Post Office at Singapore is the 
largest building in Singapore. It will 
have eight stories including the basement, 
and is built of reinforced concrete íaced 
with cast granite. It will house the Post 
Office, the Singapore Club, the Master 
Attendant's Office, and other Government 


Pierhead at Penarth. 
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REINFORCED CONCRETE IN 1996. 


(Nott, Brodie & Co., Ltd., Contractors. 


Trym Viaduct: Looking down one of the Concrete 
Monoliths. 


ie The architect is Major Keves. 
* cost of the building is estimated at 

four million dollars. 

н е Sailors’ Home at Singapore has 
w also been completed entirely in 


enforced concrete to the design of the 
same architect. 


Precast Concrete, Ltd. 


ci ee important contracts 
e: y this firm during 1926 com- 
i EE EM Building Society recon- 
responsible. aeg on which the firm was 
struction, “ or reinforced concrete con- 
staircase. w i odist” floors, terrazzo 
compositio Я ng and floors, mosaic work, 
УНЫ Se 9ormg, marble walling, etc. 
Messrs. E. concrete roofing slabs, for 
Northwich ег, Mond & Co, Ltd. 
used on the { Hollocast" floors were 
Fate H © following contracts : Deans- 

otel (second extension), Man- 
K 


chester; J. J. Hadfield, Ltd., Chinley ; 
Sandoz Chemical Co., Ltd., Bradford ; 
new Nurses’ Home, Oldham ; reservoir 
cover, Grange-over-Sands; also on con- 
tracts at Hull, Hanley, Slaidburn, Stock- 
port, Honley, Bacup, Chester, Matlock, 
Leeds, Colne, Wellingborough, etc. 


Reinforced Concrete Construction 
Co. 


In addition to the special coloured 
bridge work (illustrated and described 
elsewhere in this number), the contracts 
on which the firm have been engaged 
during 1926 include Coed Madoc Bridge, 
Nantle Lake Bridge, Ty Coch Bridge, 
and ап @&oo-ft. road retaining wall at 
Tyddyn Вайуп, for Caernarvonshire 
County Council; Penns Lane Bridge, for 
the borough of Sutton Codfield ; Beevor 
Bridge, for the Barnsley Corporation ; 
Detton Ford Bridge, for the Cleobury 
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(Nott, Brodie & Co., Ltd., Contractors. 


Bristol Portway : Viaduct between Cliff and River. 


Mortimer R.D.C.; Crowhole Bridge, for 
the Chesterfield R.D.C.; а retaining 
wall for the Worcester City Council ; grain 
silo at Manchester docks, for John Jackson 
& Sons, Ltd. ; and a coal bunker, for 
the London Midland & Scottish Railway. 


Saxild & Partners. 


The principal work in which this firm 
is now interested is the large factory for 


the Michelin Tyre Co., at Stoke-on- 
Trent, in the design and erection of which 
they are collaborating with Messrs. 
Peter Lind & Co. Some particulars of 
this factory, which will cost about 
£350,000, are given on p. 93. Other 
works now in hand include a quay wall 
for the Southampton Corporation, and a 
sea wall for the Teignmouth Urban District 
Council. 


[ Nott, Brodie & Co., Lid., Contractors. 


Floating Roadway at Seacombe. 
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REINFORCED CONCRETE IN 1926, 


New General Post Office, Singapore. 
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[Perry & Co. (Bow), Ltd., Contractors. 


Sailors’ Home, Singapore. 


Simon-Carves, Ltd. 


The following are amongst the principal 
reinforced concrete contracts carried out 
and in course of erection by Messrs. 
Simon-Carves, Ltd., of Manchester, during 
1926: 

Tar tanks (450,000 gallons capacity) at 
Coedeley, for the Welsh Navigation 
Steam Coal Co., Ltd.; Water tower 
(60,000 gallons) at Thoresby, for the 
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Bolsover Colliery Co., Ltd.; Service 
bunker (300 tons capacity) for the 
Wharnclitfe Woodmoor Colliery Co., Ltd. ; 
Coal hopper (600 tons capacity) at Blid- 
worth, for the Newstead Colliery Co., 
Ltd. ; Ropeway bunker (50 tons capacity) 
at Llay Main, for Messrs. R. White & 
Sons, Ltd., of Widnes; Hypochlorite 
storage tanks (80,000 gallons capacity) at 
Llandarcy, for National Oil Refineries, 
Ltd. ; Coal store (1,000 tons) at Warring- 
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New General Post Office, Singapore. 
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REINFORCED CONCRETE IN 1926. 


[Perry e Со. (Во P 144., 


Contractors, 


Sailors' Home, Singapore. 


ton Gas Works, for Warrington Corpora- 
ton; Settling ponds, of 83,000 gallons 
capacity, for Messrs. Richard Evans & 
Co., Ltd., of Lyme Pits, Lancs. 

In addition to the above, the firm has 
carried out nine large washery contracts 
similar to that shown in the illustration, 
each comprising a complete washery 
building, with slurry tower having a 
capacity of from 75,000 to 200,000 gallons, 
and a feed hopper to receive coal from 
wagons and belt conveyors. 


J. & W. Stewart. 


Contracts completed or in course of 
completion during 1926 by this firm 
include the following : 

Further work on excavation and foun- 
dation contracts for the new Parliament 
Buildings for the Government of Northern 
Ireland, at Stormont, near Belfast, 
together with an electricity sub-station at 
Stormont. The foundations for all the 
work in connection with the Parliament 


[Reinforced Concrete Construction Co., R.C. Designers & Contractors. 


Coed Madoc Bridge, Carnarvonshire. 
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REINFORCED CONCRETE IN 1926. 


[Reinforced Concrete Construction Co., К.С. Designers & Contractors. 
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Penn's Lane Bridge, Sutton Coldfield. 


Buildings are in reinforced concrete. 
This was divided into the following sec- 
tions :—(1) Foundations to Parliament 
House; (2) foundations to heavy raft to 
carry tower; (3) foundations to main 
approach stairs; (4) retaining walls. 
In items (1) and (4) a mixture of I part 
Portland cement to 6 of broken stone and 
sand was used. The stone was graded 
from 2 in. down to жіп. Ш items (2) 


and (3) a mixture of 4 to 1 was used, the 
stone in this case being graded from ] in. 
down to š in. 

Nearly 20,000 cube yards of concrete 
were deposited in the whole of the founda- 
tions. This was done by means of five 
batch mixers. The gauging of the 
material was done in }-cube yard wagons, 
partitioned off to give the proper amount 
of stone and sand. The mixing was 


Reinforced Concrete Construction Co., Ltd., R.C. Designers & Contractors. 


Road Retaining Wall at Tyddyn Badyn, Carnarvonshire. 
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practically all done from one spot, and 
chutes were formed írom each of the 
five mixers into }-cube yard wagons man- 
handled to the various positions on the 
work. 

The raft for the tower is reinforced 
throughout with 1} in. bars. This heavy 
raft had to be done in four sections, the 
concrete in each section having to be 
inserted in one continuous operation. 
There were approximately 400 cube 
vards of concrete in each section, and this 
amount of concrete was mixed and placed 


inone day. Test cubes were periodically 
made of all the concrete ; in the 6 to I 
mixture the crushing load came to 253 
tons per sq. ft., and in the 4 to 1 concrete 
the cubes remained unbroken at 400 tons 
per sq. ft. 

The excavation for this work included 
the excavation and disposal of about 
300,000 cube yards of earth, and spread- 
ing same to form embankments for 
future approach roads. This excavation 
was done by mechanical shovels, and the 
conveying of the material to the site of the 
approach roads was done by aerial mono- 
cable and gravity winches. 


REINFORCED CONCRETE IN 1926. 


The complete drainage scheme was also 
carried out under this contract, and in- 
volved the laying and jointing of about 
two miles of cast-iron and concrete piping, 
about r,ooo lineal feet of which was done 
by tunnelling in order not to interfere 
with the surface work, such as excavation 
and concrete. In all cases the manholes 
for this drainage scheme are in pre-cast 
concrete shafts. 

Foundations to new power station, 
Stourport, for the British Electrical 
Federation (Engineer, Mr. C. W. G. 


Lid., Ю.С. Designers < ( nin clo! 
Washery and Slurry Tower at Haydock, Lancs. 


Simon-Carvzs, 


Little) : This contract, with many addi- 
tions which more than doubled the 
original value, was completed in August, 
1926. The foundations consist of a 
reinforced concrete raft carried on Ray- 
mond piles driven down to rock level. 
Inlet and outlet culverts for circulating 
water were constructed in reinforced 
concrete at depths of 20 ft. and ro ft. 
respectively below ground level. The 
base of the inlet culvert was founded 
directly on rock, but for the outlet culvert 
it was necessary to construct dwarf walls 
below the base down to a firm foundation. 
The site is on the bank of the river 
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[Simon-Carves, Ltd., R.C. Designers © Contractors. 


300-ton Coal Bunker. 


Severn, and, there being much water in 
the ground, the deep excavations were 
protected by steel sheet piles. Steel 
sheet pile coffer-dams were driven in the 
Severn around the ends of both inlet and 
outlet culverts to enable four bell-mouth 
inlets and one bell-mouth outlet to be 
constructed. Two of the four inlets were 
provided to allow for future extension. 
For the purpose of diverting the river 
Stour, two steel coffer-dams were driven 
in the river that the connections to the 
new waterway might be made. 
Reconstruction of Wiggenhall Bridge 
for the Watford Borough Council (En- 
giner, Mr. УУ. W. Newman): This 
bridge was constructed in reinforced 
concrete, and consists of two skew-spans 
over the river Colne carried on pre-cast 
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reinforced concrete piles. Although it 
was generally expected that а satis- 
factory set would be obtained on piles 
about 20 ft. long, the solid stratum known 
to be at this depth was found to be too 
thin to be relied upon. The two 20-ft. 
test piles were lengthened ¿n situ twice and 
re-driven ; it was then decided to make 
all piles 40 ft. long. Even so the sets 
obtained were such as to make it neces- 
sary to increase considerably the number 
of piles required. The retaining walls 
on each side of the river, both under and 
at the sides of the bridge, were constructed 
with reinforced concrete sheet piles. The 
decking was carried on longitudinal 
beams, all of reinforced concrete. 
Reconstruction of Manor Way Bridge, 
for the Port of London Authority 
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(Engineer, Mr. A. Binns): The original 
steel girder bridge over the railway at 
Manor Way Station was condemned some 
while ago, and a temporary timber bridge 
erected in the place of part of it, there 
being no room at either side. The usual 
heavy road traffic to and from both Wool- 
wich and the Roval Albert Docks is to 
be maintained over the site of the new 
bridge without interruption throughout 
the reconstruction. At the same time, 
the railway traffic under the bridge is to 
be continued, including passenger service 
at Manor Way Station which is also at the 
ste. The new bridge will consist of 
reinforced concrete decking carried by 
steel girders on heavy concrete abutments. 
The bases of the two abutments are con- 
nected underneath the rails by a rein- 
forced concrete invert. Some of the new 
station buildings will, as before, be erected 
on the new bridge. 


Stewart & Partners, Ltd. 


Contracts completed or in course of 
completion during 1926, include : 

Reconstruction of London-Yarmouth 
Road, Latinford Diversion, for the East 
Suffolk County Council (County Sur- 
vevor, Mr. A. Jervis): This contract was 


REINFORCED СОХСКЕТЕ IN 1986, 


for a new by-pass road about three-fifths 
of a mile long through open country. 
The carriage-way, which is in the main 
cutting, consists of an 8-in. mass concrete 
slab; the remaining portion, in some 
places on virgin ground and in others on 
very shallow embankments, is a rein- 
forced concrete slab, 7 in. thick. Bitu- 
men expansion joints were provided 
across the road at an angle with the kerb. 
The contract has just been completed. 

London-Yarmouth Road (Section A 12, 
Kesgrave, Ipswich), for the East Suffolk 
County Council (County Surveyor, Mr. A. 
Jervis): This contract consisted of 
widening about 31 miles of existing road, 
the additional width required being 
formed with mass concrete. 

Sonning and Twyford By-passes (Great 
Bath Road Improvement Scheme), for 
the Berkshire County Council (County 
Surveyor, Lt.-Col. Hawkins): The 
Sonning and Twyford By-passes are two 
separate stretches of new road approxi- 
mately 1 mile and 24 miles long respec- 
tively. It is intended to construct the 
30-ft. carriage-way in reinforced concrete 
throughout, the aggregate for the lower 
5 in. being graded stone and for the top 
2 in. granite chippings. Bitumen expan- 


J. С W. Sta art, Contractors, 


Reinforcement for Raft, New Parliament Buildings, for Government of 
Northern Ireland, Belfast. 
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REINFORCED CONCRETE IN 1926. 


LJ. W. Stewart, Contractors. 


Wiggenhall Bridge, Watford. 


sion joints will be provided at intervals 
across the road at an angle with the kerb. 


Trollope & Colls, Ltd. 


In addition to the reinforced concrete 
constructional work carried out and super- 
vised in many large contracts completed 
in 1926 by Messrs. Trollope & Colls, Ltd., 
the Engineering Department has com- 
pleted the stands at Lord's Cricket 
Ground for the M.C.C. This contract 
presented many difficult features, one of 
which was that the whole of the work had 
to be completed between the two Cricket 


Seasons of 1925 and 1926, which entailed 
working under severe weather conditions 
throughout. The work consisted in con- 
structing the main grand stand on the 
site of the old, and also an addition to the 
Mound stand. 

Both stands are of an exceptionally 
interesting cantilever construction, 
specially designed to eliminate the pre- 
sence of columns which might obstruct 
the view. This will be seen from the 
photograph, where the two 9o-ft. lengths 
of covered seating at the back provide 
an uninterrupted view of play. The 
stands accommodate approximately 6,400 
persons, exclusive of private boxes, and 
provide for bars, luncheon rooms, lava- 
tories, etc. The illustration shows the 
stand fully occupied on the occasion of 
the trial match England v. The Rest on 
June 5, 1926. The architect is Sir 
Herbert Baker, A.R.A., Е.К.Т.В.А., and 
the engineer Dr. Oscar Faber, O.B.E., 
M.Inst.C.E. | 

Messrs. ТгоПоре & Colls have also this 
year made a new departure by establish- 
ing at Worton Road, Isleworth, a vard 
for the manufacture of pre-cast concrete 
units, such as large pipes for sewage, 
kerbs, blocks, etc., which are being 
manufactured on the most up-to-date lines 
and with the aid of some novel and inter- 
esting machines. 


IIO 


[Trollope & Colls, Ltd., Contractors. 
The Stand at Lord's Cricket Ground. 
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(R.C. Design by Trussed Concrete Stecl Co., Ltd. 
50,000-gallon Water Tower in Cheshire. 


Trussed Concrete Steel Co., Ltd. 


During 1926 a large number of indus- 
trial buildings were carried out on the 
Kahn system, including: Factories for 
Vauxhall Motors, Johnson Matthey & Co., 
Kodak, Ltd., Brown & Co., H. Glenister 
« Co., Edward Lloyd, Ltd., Shredded 
Wheat Co., Ltd., and Wrigleys, Ltd. 

It is perhaps of interest to note that 
the factories of the Shredded Wheat Co., 
Ltd., and for Wrigleys, Ltd., were of 
mushroom slab construction. The ad- 
vantages of this system over a beam 
and slab construction are the complete 
elimination of depending beams, resulting 
in a flat ceiling throughout the building 
with no obstruction to light or air: the 


absence of projections from columns in 
the external walls greatly facilitates the 
placing of fixtures beneath the windows ; 
maximum glass area can be obtained, 
giving the maximum lighting and ven- 
tilation ; it is more economical than other 
forms of construction because the con- 
crete and steel are more equally stressed 
and therefore utilised to the best advant- 
age. This system is most suited to 
modern methods of rapid construction, 
as the bays are all of standard size and 
the centering can be repeated in any part 
of the building. 

Other reinforced concrete structures of 
various types on which the company 
engineers have been engaged include the 
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[R.C. Design by Trussed Concrete Steel Co., Ltd. 


Shredded Wheat Factory, Welwyn Garden City : Main Entrance. 
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SPECIALISTS IN CONCRETE 
ROAD CONSTRUCTION PLANT 


Mixing end Boom Distributing Plant Working in Surrey. 
MIXING AND BOOM DISTRIBUTING PLANTS. 


STANDARD CONCRETE MIXERS IN VARIOUS 
SIZES RANGING FROM 3 CUBIC FEET TO 
2 CUBIC YARDS MIXED BATCH CAPACITY. 


CONCRETE TIP CARTS, etc., etc. 


STOTHERTs PITT ID 


MIXER DEPARTMENT. 


BATH. 
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[R.C. Design by Trussed Concrete Steel Co., Ltd. 


Gas Retort House at Waddon, Croydon. 


following :—Scarborough Cricket Stand ; 
Redhill Football Pavilion; Football 
Stand and Pavilion, Reigate; Public 


Abattoir, Halifax; Bridges at Wrex- 
ham, Twyford, Preston, Sudbury, Great 
Bath Road, Berks and Middlesex County 
Councils ; Water towers at Stanmore and 


Wittersham ; Drying kilns for the Gramo- 
phone Co.; Film coating building for 
Kodak, Ltd.; Retaining walls at Brad- 
ford, Birmingham, and Bridlington. 
The “ Truscon ” floor has been laid in a 
large number of prominent buildings. 
The new Devonshire House in Piccadilly, 
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(К.С. Design by Trussed Concrete Steel Co., Ltd. 
Shredded Wheat Factory, Welwyn Garden City. 
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REINFORCED CONCRETE IN 1926. 


Grand Stand at Scarborough. 
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Foundry at Huddersfield. 
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[R.C. Design by Trussed Concrete Steel Co., Lid. 


Factory at Bradford. 
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and Messrs. Cook's new head offices in yardage of “ Hy-Rib," are the Royal 
Berkeley Street, have been completed; Hotel, Woburn Place, for Imperial Hotels, 
the new offices for Messrs. Holt, of Liver- Ltd., and the rebuilding scheme for Messrs. 
pool, calling for 50,000 square yards, are Bourne & Hollingsworth, Ltd., in Oxford 
in course of construction; also the Street. Extensions to the Kemsley Mills, 
important block of offices for the Elec- Sittingbourne, for Messrs. Edward Lloyd, 


tricity Supply Co. at Newcastle. Ltd., called for 150,000 sq. ft. of this 
Hospital contracts in which these floors metal lathing. 
have been used include: Lewisham The Company is also interested in a 


General Hospital; Torbay Hospital, large number of works that are about to 
Torquay ; Epsom Hospital; Beckett | commence, including new factories on the 
Hospital, Barnsley ; Edward VII Hospital, Kahn system for Barker & Dobson, 
Windsor; RoyalSalop Infirmary, Shrews- Liverpool; British Insulated & Helsby 
bury; Glossop Infirmary ; Royal Cables, Ltd.; David Greig, Ltd.; im- 
Hospital for Sick Children, Glasgow. portant works for the Hull Corporation ; 
Schools include: Edward VI School, reservoirs at Neston and Parkgate; and 
Birmingham ; Secondary School, Wol- a considerable number of '' Truscon " 
stanton ; Blackness Road School, Dun- floor contracts. 
dee; Secondary School, Ashton-under- 
Lyne; Grammar School, Hulme; and The Walker-Weston Co., Ltd. 
Boys' School, Bradford. During 1926 this Company has con- 
" Hy-Rib'" combined reinforcement tinued its policy of constructing, with 
and centering, manufactured by this guarantees, concrete surfaced roads. The 
Company at their works at Trafford Park, Company specialises in this class of con- 
Manchester, has been largely used. Two  struction, carried out in accordance with 
important buildings now being erected in their patented methods, comprising the 
London, each calling for a substantial alternate bay system, with interlocking 
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(Walker-Weston Co., Lid., R.C. Designers & Contractors. 
Concrete Road at Burton-on- Trent. 


II4 


(Walker-Weston Co., Ltd., R.C. Designers & Contractors. 


REINFORCED CONCRETE 


IN 1926. 


“¥ 


Reinforced Concrete Crane Track at Cantley. 


expansion joints, large aggregate in the 
surface layer and with the section of the 
road and the reinforcement designed to 
meet special circumstances. Some of the 
roads have been constructed with central 
drainage, the section being inverted. The 
Company are general reinforced concrete 
contractors, and manufacturers of 
Pyramidal double-layer and single-layer 
reinforcements. 


Among the various works carried out 
during the year are: Concrete surfaced 
main roads in the London Docks, St. 
Austell, Crediton, Bourne End, etc. ; 
Factory roads in London and the pro- 
vinces ; Reinforced concrete quays, crane 
tracks, flumes, tanks, etc.; and the 
supply of reinforcement for roads gener- 
ally. 
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FORMWORK. 


Formwork. 


WHEN we published in this journal a few 
of the chapters from the treatise by Mr. 
А. E. Wynn, В.5с., A.M.Am.Soc.C.E., 
on ' The Design and Construction of 
Formwork for Concrete Structures," we 
had so many requests to publish them in 
book form that our readers will be glad 
to know that this has been done and that 
the volume is now ready. A small part 
of the work only appeared in this journal. 
In the book now published designs and 
notes on formwork for every type of 
concrete structure are given. Ап idea 
of the comprehensive nature of the work 
may be gained from the following list of 
chapters. 


Chapter I.—Form Building in General. 

Chapter II.— Materials, Loads, Pressures 
and Stresses. 

Chapter  III.—Theoretical 
Forms. 

Chapter 1V.—Design Tables. 

Chapter V.—Design Problems. 

Chapter VI.—Detail Construction of 
Footing Forms. 

Chapter VII.—Detail 
Column Forms. 

Chapter VIII.—Wall Forms. 
Chapter IX.—Detail Construction of 
Beam and Girder Floor Forms. 
Chapter X.—Forms for Rib Floors and 
Structural Steel Fireproofing. 

Chapter XI.—Miscellaneous Forms in 
Building Construction. 

Chapter XlI.—Forms for Flat Slab 
Construction. 

Chapter XIII. — Forms for Conduits, 
Sewers and Culverts. 

Chapter XIV —Forms for Tanks, Silos, 
Bins and Standpipes. 

Chapter XV.—Forms for Dams, Piers 
and Heavy Walls. 

Chapter XVI.—Steel Forms in Building 
and Wall Construction. 

Chapter XVII.—Steel Forms for Curved 
Surfaces. 

Chapter XVIII.—Arch Falsework. 

Chapter XIX.—Other Bridge Forms. 

Chapter XX.—Patent Devices. 

Chapter XXI.—Planning the Work. 


Design of 


Construction of 


Wood shuttering for every purpose in 
building construction and engineering 
works is dealt with, and in each case are 
given clear drawings showing the best 
method of construction, details of costs, 
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quantities of materials required, and full 
explanatory notes on preparing and 
erecting the formwork. Steel forms are 
fully dealt with in two chapters, while 
the many devices which are common 
practice in the United States but prac- 
tically unheard of in this country are 
described and illustrated. 

A special feature of the volume are the 
design tables, from which the most eco- 
nomic selection of materials for ditferent 
purposes may be seen at a glance. These 
tables, which are presented in a large 
and clear style as folders, include: 


I. Maximum span of floor sheathing 
for various thicknesses of slab. 

2. Maximum span of wall sheathing for 
various heights of wall. 

3. Maximum span of column sheathing 
for various heights of column. 

4. Maximum spacing of floor joists for 
various spans and thicknesses of 
slab. 

5. Maximum concentrated loads carried 
by ledgers and wales for various 
spans and spacing of loads. 

6-9. Spacing of column yokes for various 
sizes and heights of column. 

Io. Maximum spacing of wales and wall 
ties of various sizes of studs and 
heights of wall. 

II. Safe loads on posts. 


There are no less than 219 illustrations 
(diagrams and photographs) covering 
formwork for every type of structure, all 
reproduced on a large scale. 

This is the only book in the English 
language dealing exhaustively with shut- 
tering for concretestructures. Theauthor, 
who is a practical designer and con- 
tractor, has had a very wide experience 
in all classes of construction both in this 
country and America, and has made a 
special study of the subject of formwork. 
The results of his experience are given in 
this volume in simple language, so that 
advantage can be taken of it by all con- 
cerned with the erection of concrete 
structures. 

The book is strongly bound in cloth, 
and comprises 320 pp. It is obtainable 
from Concrete Publications, Ltd., 20 
Dartmouth Street, Westminster, S.W.r. 
Price 20s. (postage 9d. extra). 


DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4, MILES FROM CHARING CROSS. s. d. 


Best Washed Sand : З . . peryard 16 o 
Clean Shingle, { in. mesh . š š š š : š : Ы 14 O 

i 4, in. mesh . š : ç : : š : js 15 6 
Thaunes ballast . š А А š А 5 3 Я š Т 10 6 
Broken brick (1 in.) : š š ° š : : ; : ы Ir 6 
Best British Portland Cemen . : per ton 58s. to 63 6 


" Ferrocrete" Rapid-Hardening Portland Cement delivered London 105. per ton extra 
"Super-Cement ” . . . per ton 885. to 93 o 


"Lightning'' Brand Aluminous Cement . 5 : : » 1005. to 105 6 
Ciment Fondu . : š š : : : š : . works ол. 95 O 
ROARDING FOR SHUTTERING— Sawn. Wrot. 
5. 8. 5. 4. 
rin. . . : А : : à . . persquare 23 6 27 6 
1$ in. . 1 : А š š : : ” 29 6 33 6 
11 in. . : : : : . : : 3, 35 6 41 O 
SAWN TIMBER FOR STRUTS AND SUPPORTS— | 
3 in. by 4 in. : : : : : : à . from /22 per standard 
3 in. by 6 in. and 3 in. by 7 in. . š i | > эк 420 ` » 
Мио STEEL Rops FoR REINFORCEMENT— 5. 4. 
| in. to 2j in. Rounds . š š . š š : . percwt. 10 6 
Кіп. to { in. Rounds . : . : : š : ; - IO 9 
1 in. Rounds š . | . : . : : : е 11 O 
1 іп. Rounds | . : š : : : š , = I2 O 
Breeze Slabs рег yd. super: 2 in., 1/11; 24 in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING то PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) | 
PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— | 5,4. 
Do do. in foundation . : : : . per foot cube I II 
Do. do. in columns 2 s š 5 : 3 8 22 2 I 
По. до. in beams. š : : š ; Е es 22 2 3 
Do. do. in floor slabs 4 in. thick . А : . peryardsuper 6 o 
Do. do. in floor slabs 5 in. thick. . : : 5-3 ЛБ 7 6 
Ро do. in floor slabs 6 in. thick . 2 . : 23 M 9 0 
Do do. in floor slabs 7 in. thick . 2 10 6 
Do do. in walls 6 in. thick . è : : š $$. 5 8 8 
(Add for hoisting 3s. 64. per yard cube above ground-floor level. Add jor “ Ferrocrete”’ 
15. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 
From i in. to § in. : ç А : š 2 : . percwt. 22 6 
b in. to } in. : : : : : š : 1 53 21 6 
$ in. to 21 in. 20 6 


EXTRA LABOUR TO BENDS іп }-in. rods, 4d. ; 4-0. rods, 1d. ; }-in. rods, 13d. ; 
На. rods, 14d. ; $-in. rods, 124.; j-in. rods, 24.; r-in. rods, 2}d.; 1}-in. rods, 
| 34.; 14-11. rods, 34d. (per bend per cwt.). 
EXTRA LABOUR TO HOOK BENDS: } in., 14.; ĝin., 24.; }in., 244.; Ë in. 
34.: Zin., 34d.; țin., 4d. ; тіп. 444., 14 in., 64.; 11 in., 74. (per bend per cwt.). 
SHUTTERING— 5. 4. 
Shuttering and Supports for Concrete Walls (both sides measured) per square 59 o 
Centering to Soffits of Reinforced Concrete Floors and Strutting. average 
IO ft. high : : : š š š : , persquare 55 0 
Do. do. іп small quantities . : : : per ft. super о IO 
Shutteri ng andSupports to Stanchions for easy removal, average 18in. by 18 in. 


рег ft. super о 11} 

Do. do. as last, in narrow widths. А қ . . n» 1 1% 

Do. do.  tosidesandsoffitsof beams,averagegin.by12in. ,, ,, I 14 

Do. do. , as last, in narrow widths. : : , TT 1 3) 
Raking, cutting, and waste to shuttering . : š : perft.run o 3 
Labour, splay on ditto . қ : : š š š js. db o 2 
Small angle fillets fixed to internal angles of shuttering to form chamfer,, ,, o 3 


WAGES.—The rates of wages on which the above prices are based are :—Carpenters 
and joiners, 1/9] per hour; Carpenters working on old shuttering, 1/10] ; Labourers 
on building works, 1/44; Men on mixers and hoists, 1/5); Bar-benders, 1/5}. 


[° This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copvriebt.] 
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PROSPECTIVE NEW CONCRETE WORK. 


Prospective New 


ABERCARN.—Houses.—The U.D.C. pro- 
poses to build 60 houses. 

Bacup.—Houses.—The Council pro- 
poses to build 76 houses on the Blackburn 
estate. 

BARNSLEY.—Reservoir.—The Corpora- 
tion has made application for Parlia- 
mentary powers to construct a reservoir 
at Royal Moor. The cost is estimated 
at £362,000. 

BEXHILL-ON-SEA.—Concrete Pavilion.— 
The Poole Town Council proposes to 
spend £10,000 on the construction of a 
reinforced concrete pavilion, consisting of 
42 bungalows and 148 bathing cubicles. 

Bo'NEss.—Houses.—The T.C. proposes 
to erect 200 houses in Deanfield Road. 

BRADFORD.—Houses.—The Corporation 
proposes to build 882 houses on the 
estate at Ecckeshill. 

BRIERLEY.—Houses.—The P.C. has ap- 
proached the District Council for per- 
mission to erect 1oo houses. 

BURNTISLAND.—Houses.—The Housing 
Committee recommends the T.C. to erect 
40 houses at Haugh. 

Cowes, I.O.W.—Qtiay.—The Southern 
Railway Co. is considering a proposal to 
provide a new quay at Cowes. 

CROMPTON.—Houses.—The U.D.C. pro- 
poses to build 80 houses. 

CUMBERLAND.—Concrete Bridge.—The 
old Eamont Bridge, which connects 
Cumberland and Westmorland at Penrith, 
is to be replaced by a reinforced concrete 
structure. The cost of the new bridge 
is estimated at £40,000. 

Daw LisH.—Houses.—The U.D.C. is 
secking permission from the M.H. to 
erect 60 houses on a site at Oak Hill. 
The cost is estimated at £32,941. 

DovER.—Concrete Bridge.—A reinforced 
concrete bridge is to be constracts at 
Common Lane, Dover. 

DUKINFIELD.—Houses.—The T.C. pro- 
poses to build 178 houses in Clarendon 
Fields. 

DunnEE.—Promenade.—The Corpora- 
tion Works Committee proposes to extend 
the Dundee Esplanade. 

EpDINBURGH.—Bridge.—The Streets and 
Buildings Committee is considering a 
proposal to erect a bridge to connect 
Bothwell Street and Albion Terrace. 

EDMONTON.—Houses.— The U.D.C. has 
applied for sanction to build 180 houses. 
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Concrete Work. 


ELLESMERE PORT. — Houses. — The 
U.D.C. is seeking permission to borrow 
£36,479 for housing purposes. 

EXETER.—Concrete Houses.—The City 
Council have applied for permission to 
erect 108 concrete houses. 

FELTHAM.—Houses.—The U.D.C. 18 
considering a scheme for the erection of 
200 houses. 

FINNIESTON.—Bridge.—The Glasgow 
Corporation is seeking Parliamentary 
powers to build a bridge over the Clyde 
at Finnieston. 

GosForTH.—Houses.—The U.D.C. has 
made application for sanction to borrow 
£20,500 for building 38 houses at Benton 
Square. 

Gosport.—Wharf.—The T.C. has ap- 
plied for sanction to borrow £15,000 for 
the reconstruction of Gosport wharf. 

GREAT YARMOUTH.—Sea Wall.—The 
T.C. has applied for sanction to borrow 
£8,411 for the construction of a sea wall 
and outer promenade from Sandown 
Road to Beaconsfield Road. 

Hawickx.—Houses.—The T.C. has de- 
cided to erect 50 houses at Shorterdykes. 

HeEtTtTon.—Bungalows.—The U.D.C. has 
applied for sanction to borrow £18,438 
for the erection of 50 bungalows. 

HrEywoop.—Houses.—The T.C. has ap- 
plied for sanction to borrow £51,730 for 
building 100 houses on a site at Darley 
Hall. 

Hove.—Houses.—The T.C. proposes to 
spend £49,000 on the erection of 100 
houses on the Knoll estate. 

Hy pr.—Houses.—The Т.С. is seeking 
permission to borrow {28,700 for the con- 
struction of 64 houses in Bennett Street. 

LEICESTER.—Houses.—The Corporation 
Housing Committee recommends the 
purchase of the Westcote estate for hous- 
ing purposes. The cost 15 £42,500. 

LEVEN.—Houses.—The T.C. has been 
recommended to build 64 houses. 

LoNDoN.— Concrete Houses.— The 
L.C.C. proposes to erect тоо concrete 
houses on the Downham housing estate. 

LONGBENTON.—Houses.—The  U.D.C. 
is seeking permission to borrow 420, 500 
for the erection of 38 houses. 

MANSFIELD WoopHousE.—Houses.— 
The U.D.C. has applied for permission to 
borrow {18.150 for the erection of 38 
houses in Slant Lane. 


bad 


Мил. HILL, MIDDLESEx.—Bridge.—The 
County Council proposes to construct a 
bridge to carry a roadway 70 ft. in width 
at Selvage Lane. 

NEWCASTLE-ON-TYNE.— Houses.— The 
Housing Committee has recommended 
the Council to apply for permission to 
build 1,160 houses. 

NEW RY.—Houses.—The R.D.C. pro- 
poses to spend /40,260 on the erection of 
IOS cottages. 

NORWICH.—Road.—The T.C. is con- 
sidering a scheme for the construction of 
a road from Jessop Road to Portersfield 
Road. 

PENRYN.— Concrete  Road.—The T.C. 
proposes to spend /3,176 on the construc- 
tion of a concrete thoroughfare in Com- 
mercial Road. 

PONTEFRACT.—Concrete Water Tower.— 
The Corporation proposes to spend 
12,200 on the construction of a reinforced 
concrete water tower. 

PORTOBELLO.— Pier, etc.—The Edin- 
burgh Corporation is considering a pro- 
posal to construct a pier and an open-air 
swimming pool on the foreshore at 
Portobello. The cost is estimated at 
£100,000. 


PROSPECTIVE NEW CONCRETE WORK. 


PupsEv.—Houses.—The T.C. is seek- 
ing sanction to build 300 houses. 

ROTHERHAM.— Houses.— The R.D.C. 
has applied for sanction to borrow 
£22,296 for building 51 houses at rampe 
ton Bierlow. 

SHREWSBURY.— Concrete | Bridge.— А 
500-ft. reinforced concrete bridge is to 
be erected across the river Severn at 
Atcham. 

SWANAGE.—Groynes.—The T.C. is con- 
sidering a proposal to construct groynes 
on the beach. 

TOTTENHAM (LONDON). — Concrete 
Houses.—The L.C.C proposes to erect 
282 concrete houses on the White Hart 
Lane estate. 

WAKEFIELD.—Concrete Houses.—The 
Housing Committee proposes to build 
300 concrete houses during 1927. 

WINCHESTER.—Houses.—The Corpora- 
tion Housing Committee recommends the 
Council to build тоо houses. 

WISBECH.—Houses.—The 
poses to build 40 houses. 

YoRk.—Howses.— The T.C. is consider- 
ing a scheme to erect тоо houses at Tang 
Hall. 


T.C. pro- 
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TENDERS ACCEPTED. 


Tenders Accepted. 


BLISWORTH.—Sewage Disposal Works. 
—The Towcester R.D.C. has accepted the 
tender of Messrs. W. Smart & Son, Den- 
ton, Northants., at £3,171, for the con- 
struction of sewage disposal works at 
Blisworth. Other tenders submitted 
were: Bosworth and Wakeford, £3,658 ; 
С. B. Heap, £4,126; Н. Middleton, 
£5,205 : P. Trentham, Ltd., £3,992; К. 
Marriott, £3,250; A. Graham, Sons & Co., 
£5,719. 

BURNLEY.—Concrete Water Tower.— 
The Corporation has accepted the tender 
of Messrs. Bolton & Hayes, Ltd., for the 
construction of a 20,000-gallon reinforced 
concrete water tower. 

BuRNLEY.— Fowndations.— The T.C. 
has accepted the tender of Messrs. 
Christiani & Nielsen, at /850, for rein- 
forced concrete foundation work. 

EDINBURGH.—Foundations.—The T.C 
has accepted the tender of Messrs. J. Angus 
& Sons, Edinburgh, at /7,900, for the con- 
struction of reinforced concrete founda- 
tions at the electric generating station. 

Hurr.—Concrete Water Tower.—The 
Corporation has accepted the tender о” 
Messrs. Whitaker & Co., Leeds, at £5,983, 
for the construction of a reinforced con- 
crete water tower. 

HuLL.—Concrete Sewer.—The Corpora- 
tion has accepted the tender of Mr. G. Cur- 
tis, Melrose Street, Hull, at /4,824, for the 
construction of a concrete sewer between 
Marfleet Avenue and Marfleet Lane. 

ILFRACOMBE.— Concrete Piling.— The 
U.D.C. has accepted the tender of Messrs. 
J. Perkins & Sons, Ltd., Stokes Croft, 
Bristol, at £1,096, for the construction 
of reinforced concrete piling and decking 
in connection with the Council's pier. 
Other tenders submitted were: R. F. 
Yeo & Sons, £2,720; S. & J. Smethurst, 
Ltd., £1,225; P. Wilson & Co., £1,185 ; 
Simplex Concrete Piles, Ltd., £1,377. 
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6 BROAD ST. PLACE, LONDON, E.C.2 


LIVERPOOL.—Concrete Slabs.—The Cor- 
„Oration has accepted the tender of the 
Liverpool Artificial Stone Co., Ltd., for 
the supply of 20,000 superficial yards of 
concrete slabs, 24 in. thick, at 5s. 3d. per 
superficial yard. 


TAUNTON.—Concrete Houses.—The T.C. 
has accepted the tender of Messrs. F. & E. 
Small, Taunton, at £36,770, for the 
erection of 100 concrete houses. Other 
tenders submitted were : T. H. Moggridge, 
439,475; С. Pollard & Co., £38,893. 


YARMOUTH, I.O.W.—The Council has 
accepted the tender of Mr. W. Downer, 
Totland Bay, at £2,065, for reinforced 
concrete piling work and raft in con- 
nection with the construction of new 
buildings at the entrance of the pier. 
Other tenders submitted were: Simplex 
Concrete Piling Co., Ltd., £3,329; J. 
Croad, {2,650 ; H. Moger, £2,068 175. 6d. ; 
Twymanns, £2,605 14s. 10d. 


Trade Notices. 
The “ Curry Tyer.''—In our last number we published an inquiry for the English 


agents for the “ Curry Tyer.”’ 


Messrs. Christmas & Walters, Ltd., of Caxton House, 


Westminster, S.W.1, inform us that they handle these ties. 
Factory Floor Surfaces.—The Aberthaw Company, of 80 Federal Street, 


Boston, Massachussetts, U.S.A., inform us that they will be pleased to send free to 
readers of this journal copies of their publication, “ Factory Floor Surfaces,” noticed 
in our number for November last, and the price of which was therein stated to be 
one dollar. 


120 


| 


В" 


CONCRETE 


AND 
CONSTRUCTIONAL ENGINEERING 


Volume XXII. No. 2. LONDON, FEBRUARY, 1027. 


EDITORIAL NOTE. 


Rapid Concrete Construction. 


Ir is not surprising that during the ра ,-аг the consumption of rapid-hardening 
Portland cement was more than double that of the preceding year, for the 
advantages of this material are sucix;that it could not fail to receive immediate 
recognition. With this type of cement the period required for concrete to attain 
nearly its ultimate strength is reduced. from 28 days to 4 days, and when to this 
saving in time, often a vital factor in itself, are added the further economies in 
labour and shuttering, the reason for the extensive replacement of ordinary 
Portland cement by rapid-hardening Portland cement is obvious. The saving 
in formwork costs is a very real one, and the fact that with rapid-hardening 
Portland cement concrete shuttering can be stripped and re-used in three or 
four days has been taken advantage of by many contractors ; on the factory 
recently completed for Messrs. Wrigley's at Wembley the contractors (Messrs. 
A. Roberts & Co., Ltd.) designed a special system of shuttering consisting of 
steel forms and easily assembled constructional steel in place of the usual wood 
propping, with the object of taking the fullest advantage of the rapid-hardening 
properties of the cement used for the work. The method was entirely success- 
ful, and, we understand, considerably reduced the formwork costs. 
The early tests on rapid-hardening Portland cement which showed that it 
resulted in considerably stronger concrete than the ordinary Portland cement 
have been amply proved by practical experience. Test cubes taken from actual 
construction work show that at 28 days a 1: 3: 6 mix of the best brands of rapid- 
hardening cement is as strong as a I: 2:4 mix of ordinary cement. An actual 
saving in cement is thus possible while obtaining concrete of the same strength, 
which if taken advantage of will offset the extra cost of the stronger material. 
Further, with the stronger concrete resulting from rapid-hardening Portland 
cement, stresses can be increased by about 20 per cent., with the conse- 
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RAPID CONCRETE CONSTRUCTION. CONCRET E 


quent reduction in the size of reinforced concrete members and a saving in 
aggregate. 

It has been proved that rapid-hardening Portland cement is, like aluminous 
cement, more immune from attack by frost than ordinary cement, due to the 
extra heat generated during setting. An interesting example of this comparative 
immunity from frost occurred during the construction of the new Bevans Works 
at Northfleet, described in our last number. A floor slab, 2 ft. thick, was poured 
immediately before a spell of frost last winter. The frost lasted for ten days, and 
it was noticed that during the whole of this period, although the ground was 
frozen hard all around, there was no sign of freezing on the slab ; indeed, a 
shallow pool of water remained on it the whole of the time without freezing. 
On this work, test cubes made from concrete taken from ordinary batches gave 
a strength of 4000 lbs. per square inch at 7 days and 5000 lbs. per square inch 
at 28 days. 

The manufacturer of pre-cast concrete is also making extensive use of rapid- 
hardening Portland cement which permits him to release moulds in 24 hours and 
to reduce the curing space considerably, and here again the saving in moulds 
and labour during curing is found to offset the extra cost compared with ordinarv 
Portland cement. 

We point out these facts in the interest of cement users generally. Rapid- 
hardening Portland cement is now far past the experimental stage ; it is being 
used in ever-increasing quantities for a wide variety of purposes; it has entirely 
dispelled the idea that concrete construction takes longer than other materials. 
Rapid-hardening Portland cement has completely altered concrete practice of 
a few years ago, both as to time of construction and concrete strengths, and 
ultimately it will probably result in reducing costs in spite of its present slightly 
higher price. It is, indeed, more than probable that the time is not far distant 
when rapid-hardening cement will be the usual material for all kinds of concrete 
work, and ordinary Portland cement the exception. 
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VIADUCT AND BRIDGE АГ BARKING: 


Reinforced Concrete Viaduct and Bridge at 
Barking. 


THE completion of the bridge and via- 
duct on the new East Ham and Barking 
By-Pass Road, which has been con- 
structed to relieve the congestion through 
East Ham and Barking, and also to 
facilitate trafic to and from Tilbury 
Docks and open up the foreshore on the 
north bank of the Thames in this dis- 
trict, marks another stage in the arterial 
road programme of the Ministry of Trans- 
port. It also forms another landmark in 
the architectural treatment of reinforced 
concrete, and an excellent example of the 
increasing tendency for architect and 
engineer to work in close collaboration in 
important engineering works. In this 
case Mr. Maxwell Ayrton, F.R.I.B.A,, 
was appointed by the Ministry of Trans- 
port to act with Messrs. Mouchel & 


Partners, Ltd., the reinforced concrete 
executive engineers, with what result 
may be seen from the photographs we 
give of the completed structure. 

This work is being carried out by the 
Ministry of Transport on behalf of the 
Essex County Council under the provi- 
sions of the Essex County Council 
(Barking Bridge) Act, 1923. The work 
is under the general direction of Mr. A. J. 
Lyddon, M.Inst.C.E., Chief Engineer of 
the Arterial Roads Department of the 
Ministry of Transport, and is placed 
immediately under the control of Messrs. 
L. G. Mouchel & Partners, Ltd., who were 
appointed by the Ministry to act as 
executive engineers for the work. The 
contractors are Messrs. Walter Jones « 
Sons, Ltd., of Westminster. 
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Side view. 


End View. 
Temporary Trusses to Support Shuttering for Centre Span of 80 ft. 
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VIADUCT AND BRIDGE АТ BARKING. 


Viaduct Approach : Showing Ducts 


The works include a bridge over the 
nver Roding, or Barking Creek, together 
"ith an approach viaduct terminating at 
the west end in a bridge over Jenkins 
Lane. The contract for the work was 
let at £76,363. 

The total length of the viaduct and 
bricige, measured between abutments, 
8 Ф7о ft. Of this length the viaduct 
approach measures 365 ft. and the bridge 
over the creek 305 ft. The width between 

parapets is 50 ft. 

The span of the bridge over Jenkins 
Lane is 45 ft., while the average span 
of the viaduct connecting this bridge 
with the bridge over the river is 36 ft. 
The bridge over the river consists of three 
spans of 69 ft., 8o ft., and 69 ft. respect- 
ively. 

The abutments, the bridge over Jen- 
kins Lane and the viaduct are all founded 
upon reinforced concrete piles driven into 
a hard gravel foundation, and varying 
in length from 9 ft. to 40 ft. These are 
tied and braced together by means of 
reinforcec concrete ties just below ground 
level, and аге surmounted by the col- 
umns of Ж ће bridge and viaduct and by 
the abut x x» ent walls, 


under Pavement to Carry Mains. 


The river piers, however, consist of 
mass concrete 50 ft. high, 5o ft. long, 
and 8 ft. wide, except in the lower por- 
tion where the width is 15 ft. (maximum). 
These piers are founded on good stiff 
clay at a depth of 42 ft. below high 
water and 28 ft. below the bed of the 
river ; possible dredging conditions, as well 
as the nature of the ground, had to be taken 
into account in determining this depth. 

The outer river piers take a thrust from 
the bank and are designed to resist this 
lateral force as well as to carry the super- 
imposed loads. The construction of 
these piers was a work of considerable 
interest, the excavation and concreting 
being carried out inside dams formed of 
steel sheet piling 60 ft. in length. The 
foundations measure 55 ft. by 15 ft., 
and are carried down to the London clay. 
These piers were built inside cofferdams 
formed of 15 in. by 5 in. by 5o ft. “ Uni- 
versal ” section steel sheet piling, supplied 
bv the British Steel Piling Co., Ltd., and 
were constructed two at a time. As soon 
as the piers were well above high water 
mark, the dams were dismantled, and 
the piling of which they were con- 
structed used for the next pair. 
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VIADUCT AND BRIDGE АТ BARKING. 


Strutting inside Cofferdam. 


Notwithstanding the depth of the 
dams, about 47 ft. (excavation was carried 
to within 3 ft. of the toes of the piles), 
two pumps sufficed to keep the dams dry. 
The sheet piles were driven and with- 
dra.wn with a McKiernan-Terry automatic 


harmmer. 


“Khe width of the roadway is 3o ft., 
and the two footpaths ro ft. each. The 
footpaths are cantilevered out from the 
transverse beams connecting the outer 
rows of columns, and the work supporting 
them is constructed in the form of ducts, 
approximately 3 ft. deep by 7 ft. wide, 
allowing room for all necessary cables 
and mains. The ducts will be filled in 
with dry material and artificial stone 
paving laid upon this. 

The road formation consists of concrete 
laid upon the reinforced concrete decking 
to the necessary cambers and finished 
with 2 inches of asphalt. 

The whole of the structure is of rein- 
forced concrete carried upon four rows 

of colurxxns which support a beamed 
decking Consisting of longitudinal and 
cross-beza x ms and decking 7 in. thick. 


The construction of the central span 
over the river was of particular interest 
owing to the fact that in order that navi- 
gation should not be impeded it was not 
possible to provide supports from tem- 
porary piling in the river. Consequently 
the whole of the shuttering had to be 
suspended from above. This was done by 
means of eight composite timber trusses 
of 8o ft. span constructed on the site 
(owing to the coal strike it was impossible 
to obtain steel trusses), and very careful 
precautions had to be arranged to pro- 
vide against or take up the deflection in 
these trusses as the work proceeded and 
the loading increased. Great attention 
was given to this matter by the engineers 
and contractors, and the results verified 
their calculations and expectations. 

Expansion joints, consisting of com- 
plete severance, are provided at intervals 
in the length of the work, additional ex- 
pansion joints being formed in the parapet 
at every second pier. 

A detailled account and further illus- 
trations of this important work will be 
given in a later number. 
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EXTENSIONS AT TILBURY DOCKS. 


Extensions at Tilbury Docks. 


RAPID progress is being made with the 
construction of the new entrance lock in 
connection with the extensions at Tilbury 
Docks. This entrance will be 1,000 feet 
long by 110 feet wide, with a depth of 
45 feet 6 inches below T. H. W. Within 
four months 3} million cubic yards of 
earth have been excavated by digging or 
dredging, about 300,000 cubic yards of 
concrete have been made, and 1} miles of 
concrete monoliths driven. Drag-line ex- 
cavators are being used for the excava- 
tion. 

The form of quay wall construction to 
be employed at the new entrance lock 
and dry dock is known as “ Monolith ” 
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construction. These monoliths consist 
of large built-up concrete block boxes, 
30 ft. square, having four inside wells, 
with under-shoes of steel and concrete to 
form a cutting edge to force a way thrcugh 
the ground. 

In this method of construction the site 
is first partially excavated, say, to 25 ft., 
and from this level the monoliths are 
sunk by continuously loading the sides 
with cast-iron kentledge blocks each up 
to 7 tons in weight, as much as 1,000 tons 
weight being placed on one monolith. 
To assist the sinking, the earth which is 
forced within the monolith walls is simul- 
taneously grabbed out by a grab crane 
working from the top. As depth is ob- 
tained additional heightening courses of 
blocks are built up, and this process is 


ener _ 


repeated until ballast stratum is reached, 
which may take a period varying from 
four to twelve weeks or longer. The 
structure then becomes more or less 
stationary and the monolith may be con- 
sidered founded. 

The monoliths are sunk contiguous to 
each other along the line of quay, and 
when the chain is complete the hollow 
wells are filled with concrete filling and 
sealed, the whole forming a continuous 
solid concrete foundation when the inter- 
mediate spaces are filled. On this founda- 
tion the superstructure of the quay walls 
proper is built up of mass concrete and 
the desired working quay level obtained 
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Monolith Wall Construction at Tilbury. 


by filling behind the wall. Monolith 
construction avoids the alternative 
method oí deep excavation in timbered 
trench. 

The monolith course blocks are cast 
in wooden forms at a special block-making 
yard, where they are allowed to mature 
before being transported to the site for 
use. Each block is numbered and re- 
corded so that the monoliths may be 
accurately and properly made, as a faulty 
block might cause much difficulty through 
fracture or wrong alignment when a 
monolith is being sunk. 

It is anticipated that the work will 
require about 190 monoliths, involving 
the manufacture of 32,000 concrete blocks. 
The contractors are Sir Robert McAlpine 
& Son, Ltd. 
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CONCRETE ROADS IN THE UNITED STATES. 


Concrete Roads in the United States. 


1926 Practice in New Jersey. 


By W, L. BRAYBROOKE, B.Sc.(Resident Engineer New Jersey State Highway Department). 


THE most noteworthy changes in New Jersey practice over previous years 
are in the direction of obtaining more uniform concrete. Previous to 1926 
specifications called for a 1:12:31 mix by volume with a minimum cement 
content of 6-40 bags per cubic yard. This cement content was calculated on 
an assumption of 40 per cent. voids in the coarse aggregate, which is about the 
minimum percentage that can be obtained with ordinary care in grading of 
gravel. But until 1925 the specifications for coarse aggregate allowed the inclu- 
sion of material which (especially in the case of crushed stone) often ran to 
50 per cent. or even 55 per cent. voids. The consequence was that on most 
jobs there were large “ overruns " of cement and the contractors were under 
the impression that they were being unfairly treated. In the 1925 specifications 
some attempt was made to remedy this by stricter requirements in the grading 
of the coarse aggregate. 

Last vear the following practice was instituted and seems to be working 
to the general good. The “ mix " remains the same, but no minimum cement 
content is specified. The inspector at the loading plant makes frequent tests 
of the void content for the aggregate being used, and the theoretical quantity 
{cement for the day's run is calculated from these figures. Thus it pays the 
Contractor to obtain well-graded aggregate, for then his cement content will 

Ve low. A well-graded coarse aggregate, remaining approximately constant, 
ensures a dense uniform concrete. 

The tests made by the plant inspector for void content are quite simple. 

Ten or twelve times during the day he takes a fair sample of the coarse aggre- 
gate either from the portion of the stock pile then being used or directly from 
the truck that is hauling the batch to the job. He shakes this sample to refusal 


Loading Plant. 
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Weighing and Loading. 


and takes the weight of ] cubic foot. He then consults a table, of which an 
excerpt is given here, and notes the void content corresponding to the shaken 
weightas found. The average from all the day's tests is used by the engineer in 
calculating the theoretical cement content. 


| Per cent. voids in coarse aggregate. 
Shaken Weight per 1 cubic foot. See. арар Без چ‎ 
Lbs. | 


Gravel. Trap. | Dolomite. 
і | 
| | 
2b 5-2 2.2 45 50 | 47% 
ЗАР Ж ss 5-22, ж оул 421 50 47 
15 421 50 47% 
25} 421 50 45 
24 421 474 45 
26 421 47 45 
40 471 45 
24 40 | 47 421 
204 40 | 45 424 
2 40 45 424 
: 371 | 45 423 


aggregate as it is loaded for the job is not shaken to refusal and hence contains 
a greater percentage of voids. For example, the actual percentage of voids in 
a shaken weight of 26} Ibs. of gravel is probably about 38, but in the same gravel 
as И goes to the mixer the void content is nearer 40 per cent. 

_ Tn addition to the above practice as regards the coarse aggregate, care 
Is now taken of the sand. Here one has to consider the bulking of wet sand, 


which has previously militated against uniformity and been the cause of much 
unnecessary excess of cement. 
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СОХСКЕТЕ ROADS IN THE UNITED STATES. 


First of all the weight per cubic foot of dry sand is obtained. As all the 
sand for any particular job generally comes from the same pit, this dry sand 
weight is a constant. At least once a day } cubic foot of the sand being used 
from the stock pile is weighed. A comparison of this weight with the weight 
of an equal volume of dry sand gives the volume of stock sand required per 
batch to give the correct proportion of dry sand. For example, suppose the sand 
weighs тоо lbs. per cubic foot when dry, and the weight of 1 cubic foot taken 
from the stock pile is 21 lbs., then the volume of sand per batch must be in- 
creased 10 per cent. A variation either way of т lb. per cubic foot being allowed, 
it is found that the sand hopper has very seldom to be changed after being once 
properly set for the particular sand being used on the job. 

The writer is at present in charge of the first highway job in this State 
where the aggregates are batched by weight instead of volume. Although this 
method has been used in some of the Middle Western States for three years, 
it is a novelty in New Jersey. Its advantages are: (1) a greater degree of 
uniformity in the concrete, (2) no worry about sand bulking. Having once 
obtained the weight of the dry sand required for the batch this weight remains 
constant, for the weight of moisture absorbed in the bulking process 16 negligible, 
being well within the allowed 4 lbs. variation per cubic foot. 

The weighing apparatus consists of a divided hopper suspended by levers 
which are connected with a scale of the steelyard type. The coarse or fine 
aggregate is allowed to run into the measuring hopper through roller gates 
operated by handles, so arranged that if necessary one man can watch the scale 
and operate the gates. In operation the rider on the scale beam is set at some- 
what less than the required weight, the coarse or fine aggregate (as the case may 
be) is allowed to enter the hopper until the beam tips, then the quantity is brought 
up to the required amount by small movements of the operating handle. 

For example, for a six-bag batch (1 : 1$ : 34 mix), weight of gravel and sand 
«ach 100 tbs. per cubic foot. For gravel the rider is first set at 2,000 Ibs. and then 
the additional 100 Ibs. is run in more slowly. Іп the case of the sand (which 
4025 not run as freely) the first setting is 875 lbs., and the second 1,050 lbs. The 
two quantities can be weighed and discharged into the hauling truck in 14 minutes. 
An additional advantage of the weighing system is that a change of mix (as 
when 1:2:4 concrete for headwalls is required) can be taken care of without 
any ' of the measuring hopper as is necessary when the volume svstem 
15 used. 

The following examples of daily runs on the writer's job illustrate this 
matter of uniformity. The actual number of bags us2d for each slab (ro ft. 


wide by about 45 ft. long) is also counted, and it is found that there is prac- 
tically no variation. 


— — 


Shaken weight of са. ft. | 
[average for uu Per cent. Sq. yds. of ne MV, | ү" Excess. Shortage 
a Voids. Pavement. (Bags J) 1 (Bags) (Bags.) | 
Se ee, on | E | 
26:5 бии MN z 
8. 40 910 1,294 | 1,295 І жи 
274001 40 | 1,062 1,511, 1,507 4 
163 "A QE ys 40 | 1,193 1,606 | 1,717 21 юэ 
> 40 960 | 1,305 1,365 = un 
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TOTALS TO DATE. 
: : Cement Required. Cement Used. Excess. 
Square yards of Pavement. (Bags.) | (Bags.) (Bags.) 
19,591 | 27,862 x 27,919 57 
1926 SPECIFICATIONS: NEW JERSEY. 
COARSE AGGREGATE. 
4 
Total per cent. Passing 
2] in 1] in R in $ т $ in. 
Concrete Size Gravel IOO 40—70 — 0-12 0-2 
” » Stone . . IOO 40—70 O-15 0-10 0-5 
CONCRETE SAND. 
I ‚о | . 
Passing. | Retained on тэмц od 
1 in. Screen ; } in. Screen — 5 
lin. ,, "A ae | 10-mesh Sieve 5 25 
lin. ,, : 10-mesh  ,, 5 25 
Io-mesh Sieve 30-mesh  ,, 7 : 30 60 
3o-mesh  ,, 50-mesh  ,, 20 40 
50-mesh  ,, 200-mesh  ,, 5 25 
200-mesh = ES 5 
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Contraction and Expansion of Concrete, 


A MICROSCOPIC examination of concrete 
under contraction reveals cracks about 
o-or mm. in width followed by cracks of 
a magnitude of about 0-04 mm. which 
are visible to the naked eve. 

An ordinary I to 5 concrete, with a 
strength of 2500 lbs. per sq. in. at 28 
davs, shows the microscopic cracks with 
о-1 per cent. expansion. Cracks visible 
to the naked eye appear in plain concrete 
when the expansion is 0:14 per cent., 
and in reinforced concrete at the higher 
value of 0:18 per cent. 

Recent experiments, described in “ Ze- 
ment," prove that the cracks appear at a 
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much earlier stage than was formerly sus- 
pected. 

The question of how to prevent cracks 
due to hardening is of great importance 
in the construction of concrete roads. 
tanks, and long slabs. It has been found 
that the alternation of wetand dry weather 
is responsible for changes in length of 
the magnitude of about 0:3 to 0-4 percent. 
It is essential to keep the concrete damp 
while the hardening process is taking place. 
Concrete maintained damp exhibited à 
contraction of only 0-08 per cent., com. 
pared with 0-32 per cent. for concrete 
which was allowed to drv.—W.S. G. 
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NEW METHOD OF PILING AT BELFAST. 


Pile after Extraction. 


New Method of Piling at Belfast. 


Tur Customs House at Belfast is a large 
and heavy building, the walls of which are 
built of masonry. The basement is 
vaulted in masonry and brickwork. 

The building is carried on foundations 
composed of heavy stones supported by 
timber beams and piles. The piles were 
driven through soft ground known as 
'" sleech," which covers large areas of 
Belfast. 

Some years ago portions of the building 
started to sink, and recently it was 


decided that most of the building was 
in an unsafe condition. Investigations 
showed that the timber beams and piles 
had in many cases become unsafe. 

The introduction of reinforced concrete 
piles driven in the usual manner might 
have caused the collapse of the structure, 
and in any case the vaulting in the base- 
ment would have made such piling im- 
possible or at least extremely costly and 
dangerous. 


Sir Robert McAlpine & Sons, the 


Fig. 2. Head of Pile after Extraction. 
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NEW METHOD OF PILING AT BELFAST. 


licensees of a system of reinforced con- 
crete piling known аз the “ Concrete 
Pressure Pile,” put forward to the Govern- 
ment a scheme for a new foundation for 
the building. After a thorough investiga- 
tion by trial on the site, Sir Frank Baines, 
H.M. Director of Works, recommended 
and obtained approval for the employ- 
ment of this firm on the work of providing 
complete new foundations for this heavy 
and large building. 

The work involved is as follows :— 

(1) The introduction of reinforced con- 
crete pressure piles at short distances 
apart in pairs, generally with one pile on 
the outside of the wall and the other on 
the inside, both exactly opposite to each 
other or as nearly as possible and close to 
the edge of the foundation stones. 

(2) The tops of these piles are connected 
together by a strong reinforced concrete 
beam for the whole length of the wall. 
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TRANSVERSE 


(3) Upon these beams, pre-cast rein- 


forced concrete beams are laid trans- 


versely, with their tops a few inches below 


the bottom of the existing foundation 
stones. 

(4) Steel plates and wedges are then 
introduced and the whole of the founda- 
tion thoroughly wedged up. 

(5) The whole of the voids are then 
grouted. 

(6) The walls above the foundation to 
the top of the vaulting are then sufficiently 
bored to admit of cleaning out the inter- 
stices internally by water under pressure, 
and then grouting by cement under 
pressure. 

(7) Where possible, old mortar joints 
which have perished are cleaned out, and 
in some cases stones which have partially 
slipped out of position are jacked up and 
treated by cementation. 

The piles are of an average length of 
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approximately 39 ft., and are put in place 
without any vibration. They are sunk 
by means of 12-in. diameter steel tubes of 
short lengths screwed one into another to 
make up any length required. These 
tubes are worked down by hand, the 
earth being taken from the inside by 
means of scoops fixed to rods and operated 
by light mechanical plant. 

When the bottom of the tube has 
reached the hard bed on which it is desired 
to found the pile, the tube is cleaned out 
entirely and the reinforcing bars (in this 
case six steel rods each 2 in. diameter and 
bound spirally by }-in. diameter steel) 
placed inside the tube. A steel cap with 
valves is then screwed оп to the top cf the 
tube, алд any water inside is then blown 
out ‘through a valve) by air pressure. 

Grout is then poured in and blown out 
of the bottom of the tube by air pressure, 
and an enlarged foot is thus formed. 
Concrete is then. poured into the bottom 
of the pile and after the cap is refixed is 
then forced by compressed air to the 
desired pressure (in this case about тоо Ibs. 
рег square inch). Тһе tube is then raised, 
but care is taken that the top of the 
concrete inside the tube is at all times 
considerably above the level of the bottom 
of the tube, 


NEW METHOD OF PILING AT BELFAST. 


These operations are repeated until the 
whole of the tube is extracted and the 
concrete pile is wholly formed. 

Investigations have shown that, al- 
though the internal diameter of the tube 
is 12 іп., the average diameter of the 
finished concrete pile is about 144 in., 
and the outer surface is not regular but 
takes such shape as the ground permits, 
with a hard and compact outer skin. The 
steel reinforcement is thoroughly sur- 
rounded and protected with concrete, and 
the pile has a large carrying capacity. 

The material used is “ Ееггосгеїе” 
rapid-hardening Portland cement, clean 
coarse sand of a gritty nature, and hard 
blue stone graded from $ in. to } in. 

A test pile of the kind described was 
recently sunk in a vacant site in Belfast, 
and on test successfully withstood a load 
of 43 tons for several days; it has now 
been dug up for inspection and is illus- 
trated in Figs. 1 and 2. 

At the Customs House, Belfast, a con- 
siderable portion of the piling, underpin- 
ning and wall grouting has now been 
completed. 

Fig. 3 shows the general character of 
the piling and underpinning, while the 
extracted test pile is shown in Figs. 2 
and 3. 


Gauging Water for Trass Mortars. 


Тнк strength of trass mortars changes rapidly with variations in the amount of gauging 
Water, so it is essential that the quantity of water to be used be specified when tests 
are being carried out on standard mortars, otherwise the results of different tests will 
not be comparable. A series of tests carried out by C. Rothert, and described in 
‘Zement,” shows this variation very clearly. 

Test specimens in the form of cubes were made in the proportions of 1 part of 
trass to 0-8 part of powdered lime to 1-5 parts of standard sand. The Böhme hammer 
apparatus was used for compacting the specimens, the number of blows struck being 
150. 

The results were as follows :— 


Mortar. Water per cent Compressive strength (Kg) 

13:0 a 184 
(135 202 

Rhine Trass (А) + Lime (А) А : < 14:0 215* 
(165 180 
15-0 148 
12:0 226 

Rhine Trass (B) + Lime (A) [13 270% 
1470 230 
( 11:0 240 

Rhine Trass (B) + powdered lime 11:5 203% 
12:0 221 
13:0 144 

Bavarian Trass 4- Lime (B) ЕЕ 235" 
15:0 : 211 


Asterisks are placed opposite the maximum strength figures for each group. 

It will be seen how greatly a variation of 0-5 per cent. in the amount of water used 
affects the strength of the mortars.—W.S.G. 
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“ FORMWORK.' 


CONCRETE 


Practical Opinions on New ‘‘ Formwork ”’ 
Book. 


WE give below some opinions we have 
received from purchasers of our latest 
book, “ Design and Construction of Form- 
work for Concrete Structures," * by A. E. 
Wynn, B.Sc., A.M.Am.Inst.C.E., of which 
a large number have already been sold. 
The book comprises 320 pages, and is 
copiously illustrated with drawings and 
photographs. Designs are given for form- 
work for every type of concrete structure, 
from simple footings to arch bridges, and 
many tables from which sizes of timber for 
any shuttering purpose may be seen ata 
glance. Costing data is given for every 
type of work, and chapters are included 
on Flat Slab Construction, Steel Forms, 
etc. The price of the book is 205. (by post 
9d. extra). | | 


From the 


British Reinforced Concrete Engineering 
Co., Ltd. 

This is the most comprehensive treatise 
on the subject we have seen. For the 
first time it brings into one volume the 
existing information on a subject which is 
becoming of increasing importance to all 
who are interested in obtaining efficiency 
and economy in concrete design and con- 
struction. 


From 
Robert Colhoun, Builder, Londonderry. 


This book should be in the hands of 
every builder, and should be a text-book 
in technical schools. I have received 
much useful information from it, which 
has helped me to simplify the construc- 
tion of shoring and temporary work. I 
have shown it to one of my principal fore- 
men, who also appreciates it. Тһе section 
dealing with costs is quite within the ex- 
perience of actual fact, and is a useful 
guide. 


From 
Comben & Wakeling, Ltd., Builders, 
Wembley. 
We consider this to be a very useful and 
comprehensive work of reference, which 
fills a long-felt want. 


* Published by Concrete Publications, Ltd., 20 
Dartmouth Street, Westminster, London, S.W.r, 
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From 


Mr. David A. Donald, Chief Engineer, 
Glasgow-Edinburgh Road. 

The tables giving dimensions of form- 
work members for many usual purposes 
are very useful, especially to those who 
have had no training in mathematics. 


From 
Galbraith Bros., Ltd., Builders, London. 


We consider this book absolutely 
essential to any engineer or contractor 
engaged on the erection of concrete work. 
The design tables are invaluable, and the 
photographs extremely clear and practical. 
The data and labour costs are of great 
value in estimating. We consider the 
price extremely reasonable. 


From the Bulletin of the 


Indented Bar & Concrete Engineering 
Co., Ltd. 

This book should be of inestimable value 
to designers and contractors. In addition 
to its essentially practical nature, it 
establishes the subject of formwork on a 
scientific basis. It covers the entire field 
of construction, is copiously illustrated, 
and provided with folders and tables which 
give at a glance the scantlings required 
and their mode of use. The author de- 
serves the sincere gratitude of the entire 
building industry for the compilation of 
an exceptionally thorough treatise. It is 
one of those books no builder can afford 
to be without. 


From 


J. B. Johnson & Co., Ltd., Builders, 
Liverpool. 


This is a very comprehensive work, 
which should be studied by all concrete 
contractors. The sections devoted to the 
theory and design and the strength of 
centering are especially valuable. The 
tables are very simple and the illustrations 
clear. 

From 
The Reinforced Concrete Construction 
Co., Manchester. 

The book particularly appeals to us for 
its examples of shuttering and centering 
for the heavier class of work, such as 
bridges. 


From 


Mark Round & Sons, Limited, Builders, 
Dudley. 


W'e feel sure the knowledge gained from 
this book will prove extremely useful. 


From 


Joseph Wheater, Ltd., Builders, 
Bradford. 


Undoubtedly this is a very valuable 
publication, with extremely interesting 
and useful information ; it should be in 
the hands of every architect, engineer, and 
contractor, and especially foremen in the 
employ of contractors specialising in 
concrete work. 


From 


Watkin Williams & Sons, Builders, 
Cardiff. 

We should like to say, for the sake of all 
others engaged in carrying out concrete 
work, that in our opinion upon studying 
this book they will come to the same con- 
clusion as us, namely, that it is very 
valuable and useful in many ways. We 
believe this book will help to reduce ex- 
penditure on concrete work. 


From 


Yorkshire Hennebique Contracting Co., 
Ltd., Dundee. 
This book is very useful indeed, 
especially to contractors, engineers and 
foremen. 


“FORMWORK.” 


From the 


Engineer & Surveyor to the Leadgate 
U.D.C. 

I can honestly say that this book 
appeals to me as being a most useful book 
for anyone engaged on concrete construc- 
tion. To municipal engineers who have 
to construct their works by unemployed 
labour it will prove an excellent reference, 
and will result in a saving of time and 
worry.—VIVIAN |. Hunter, Р.А.5.1. 


From the 


Borough Engineer and Surveyor of 
Taunton. 

This book is an extremely interesting 
one, and supplies a long-felt want to any 
engineer who has to deal with concrete 
construction. The illustrations are set 
out in an extiemely clear and simple 
manner, and the photographs showing 
methods of shuttering are also of great 
value. There is no doubt the book will 
be of the utmost value to engineers who 
have to formulate schemes at very short 
notice.—Ivor Е. SHELLARD, A.M.Inst. 
C.E. 


One from America. 


There is a crying need for a compre- 
hensive work on the subject of forms, and 
I am sure Mr. Wynn's book will be en- 
thusiastically received.—O. A. STELLER, 
Editor, “ Concrete," Chicago. 


Contents of * Design and Construction of Formwork 
for Concrete Structures." 


CHAPTER I.—Form BUILDING IN GENERAL. 

CHAPTER IIL—MarkRiALS, LOADS, PRESSURES AND 
STRESSES. 

Crarter 111.--ТнковнЕТїсА1, DESIGN ОР Forms. 

CHAPTER IV.—DrsicN TABLES. 

CHAPTER V.—DESIGN PROBLEMS. 

CmrregR VI.—DetaiL CONSTRUCTION OF FOOTING 
Forms, 

CHAPTER \1.— DETAIL CONSTRUCTION OF 
Forms. 

CHAPTER VIII. — WALL FonMs. 

CHAPTER IX.--Dr1AIL CONSTRUCTION OF BEAM AND 
GIRDER FLOOR Forms. 

CHAPTER X —Forws FOR Rip FLOORS AND STRUC- 
TURAL STEEL FIREPROOFING. 

CHAPTER XI —MISCELLANEOUS FoRMS IN BUILDING 
CONSTRUCTION, 

Cuartex Xll —Forss FOR FLAT SLAB CONSTRUCTION. 

CRAFTER ХИТ. —Ковм$ FOR CONDUITS, SEWERS AND 
CULVERTS. 

CHAPTER ХІУ. — FORMS FOR TANKS, SILOS, BINS AND 
STANDPIPES. 

CHAPTER XV .—Foros FOR Dams, PIERS AND Heavy 
WALLS. 


COLUMN 


CHAPTER XVI.—SrEEL FORMS IN BUILDING AND WALL 
CONSTRUCTION. 

CuAPTER XVII.—STEEL Forms FOR CURVED SURFACES. 

CHAPTER ХУШ.--Авсн FALSEWORK. 

CHAPTER XIX.—OTHER BRIDGE FORMS. 

CHAPTER XX.—ParENT DEVICES. 

CHAPTER XXI.—PLANNING THE WORK. 


TABLES. 

1. Maximum span of floor sheathing for various 
thicknesses of slab. 

2. Maximum span of wall sheathing for various 
heights of wall. | 

3. Махїтїшп span of column sheathing for various 
heights of column. . 

4. Maximum spacing of floor joists for various spans 
and thicknesses of slab. 

s. Maximum conceutrated loads carried Бу ledgers 
and walls for various spans and spacing of loads. 

6-9. Spacing of column yokes for various sizes and 
heights of column. 

10. Maximum spacing of wales and wall ties for various 
sizes of studs and heights of wall. 

1I. Safe loads on posts. 


271 Illustrations. 
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BARREL-VAULTING IN A NEW ZEALAND BANK. 


(See p. 143.) 


National Bank of New Zealand, Auckland Branch: 
Shortland Street Front. 
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BARREL-VAULTING IN A NEW ZEALAND BANK. 


Barrel-Vaulting in a New Zealand Bank. 


Wr illustrate the new Auckland (N.Z.) 
Branch of the National Bank of New 
Zealand, for which Mr. S. T. Silver, of 
Wellington, N.Z., acted as consulting 
engineer. This building is particularly 
interesting on account of the reinforced 
concrete barrel vaulting of the banking 
chamber. 

The new premises consist of two 
separate eight-story buildings, one in 
Shortland Street and one in Fort Street, 
connected by the Banking Chamber, 
which is the main feature of interest 
from an engineering point of view. This 
chamber consists of a barrel vault approxi- 
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mately go ft. long, 62 ft. wide, and 4o ft. 
high. Four central arch ribs, rising as 
columns from the ground floor, extend 
across in a semicircle from about 16 ft. 
up, the lower column portion being con- 
nected by side arches, while the upper 
consists of slabs containing numerous 
octagonal glazed openings. The ends of 
the chamber are formed by return arches 
working in to smaller barrels at each end. 

While the main arch ribs were designed 
to take all the load independent of any 
other part of the structure, advantage was 
taken of the flat roof at second-floor level 
over the side arches to introduce hori- 
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Placing Reinforcement at End of Banking Hall. 
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BARREL-VAULTING IN A NEW ZEALAND BANK. KONCDETE 


SECTION 
BARREL VAULT LING ING AGONAL LIGHTING. 
NATIONAL BANK oF NEW 7 AND  AUCKLANO BRANCH. 
Mc) 4 e Ф f 74 МӨР 
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zontal trusses capable of transmitting 
the thrust at this level to the return 
arches at each end, where there is a sub- 
stantial body of concrete in a suitable 
position to act as cantilevers. 

The building fronting Shortland Street 
is entirely new. In the case of the Fort 
Street end the front and side walls 
remain, but the interior brick partitions 
(except in one or two cases in the lower 
floors) and timber floors were removed, 
and reinforced concrete columns and 
floors substituted ; in addition, two extra 
stories were added. The brick walls 
remaining, however, do not carry the new 


BARREL-VAULTING IN A NEW ZEALAND BANK. 


floors, concrete columns partly chased into 
the brickwork being introduced. 

The back wall of the Shortland Street 
building, which extends some distance 
over the banking chamber, is carried on 
cantilevers projecting over four columns, 
two of which are supported on a large 
beam partly incorporated in the return 
arch at the end of the chamber; a view 
of this beam with reinforcing in place is 
illustrated. 

In the case of the back wall of the Fort 
Street end, extending about the same 
distance over the banking chamber, 
columns were carried up from the large 
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Boxing for Barrel Vault. 
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walls at light area on each side, and the 
short side walls are employed as canti- 
levers all the way up and support the 
large back wall beam at each floor level. 
The decision to alter the Fort Street end 
was come to only when the first portion 
was nearing completion, necessitating 
different treatment. 

The foundations are in somewhat soft 
ground and consist of a reinforced con- 
crete raft over the whole site, of varying 
thickness according to the loads to be 
carried. The banking portion of the 
building is entirely independent of the 
rest, and separate entrances at each end 
lead to stairs and lifts serving the upper- 
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BARREL-VAULTING IN A 


NEW ZEALAND BANK. 


floor offices. With the exception of the 
brick walls referred to, the finishing in 
marble, etc., all the building is of rein- 
forced concrete, and the reinforcement 
consisted of plain round mild steel bars. 
The possibilities of New Zealand marble 
have been amply exploited in the carrying 
out of the general architectural scheme, and 
the building is certainly an unusual and 
exceptional type for N.Z., while modern 
devicesand equipment prevail throughout. 

The architect for the work was Mr. 
Claude Plumer-Jones, L.R.I.B.A., while 
the work was carried out principally by 
day labour under the supervision of Mr. 
A. A. Renner. 
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GROUTING WITH СЕМЕХТ, 


Grouting with Cement. 


SoME interesting cementation work has 
recently been carried out at Doncaster 
Parish Church, a work of the late Sir 
Gilbert Scott built about 70 years ago. 
When the stonework of the tower was 
being restored it was found that much of 
the ashlar work was of very little depth 
or bed, in some cases scarcely more than 
3 in., and the intervening spaces between 
the outer and inner ashlar filling consisted 
of little more than rubbish. The bond- 
ing of the stones was also found to be bad, 
and in quite a number of instances there 
were mitres worked to a feather-edge and 
not on the solid. Iron had been used for 
cramps and dowels, and it was due to 
this that much of the stonework was 
cracked. 

The space between the exterior and 
internal facings was composed of in- 
different rubble filling, and it was there- 
fore decided by the Fabric Repair Com- 
mittee, upon the recommendation of their 
architects, Messrs. Walker & Thompson, 
FF.R.I.B.A., to call in the services of 
Messrs. Blandford & Gee, cementation 
and consulting engineers, of Doncaster. 
Upon inspection the opinion was expressed 
that, by means of injection of liquid 
cement under pressure, the existing spaces 
among the rubble between the ashlar 
work could, after carefully pointing the 
joints, be satisfactorily filled and the 
whole fabric strengthened to a degree 
previously non-existent. 

An interesting feature in connection 
with the cementation work is that a start 
was made at the bottom of the defective 
portion, the cement being forced upwards, 
The operation of cementing comprised the 
drilling of a systematic series of holes 
through the outer skin of the tower. 
Pumping operations were then com- 
menced upon the lower series of holes, 
when the cement grout was forced in until 
it rose to the next higher series of holes. 
At this stage connection was made to the 
latter serics of holes, and pumping opera- 
tions resumed until the whole space from 
the bottom to the top was filled. Some 
idea of the nature of the interior of the 
walls may be gained by the fact that over 
12 tons of cement were used in the process 
of grouting. 

The apparatus used consisted of two 
vertical cylindrical containers connected 
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at the top by a pipe and three-way cock to 
a cement mixer surmounting them. By 
manipulating the cock it is possible to fill 
either container at will. The containers 
are also connected at the top by a pressure 
supply pipe, to which is attached a three- 
way cock, allowing water to be supplied 
under pressure from a pump, e.g. a hand 
pump, to either container at will. At the 
bottom the containers are connected by a 
pipe and three-way cock to the cementa- 
tion flexible pipe, through which the 
cement grout can be forced from one con- 
tainer or the other to the work in hand. 
Each container is provided at the bottom . 
with a drain cock. 

In operation, cement is mixed in the 
mixer and run into one of the containers, 
which is empty. The drain cocks, water- 
supply cocks and cement pipe cocks are 
closed. When the container is full the 
mixer cock is closed. The cementation 
pipe cock and pressure water cocks are 
then opened and the cement grout forced 
out of the container through the cement 
pipe to the work, e.g. cementation of a 
wall or pillar. The other container, 
meanwhile, is cut off from the mixer, 
water pump, and cement pipe. When 
the water under pressure has driven all 
the cement grout out of the container 
the three-way cocks are closed and the 
water emptied out of the container by the 
drain cock for use in making up a further 
batch of cement. The cylinders are used 
in alternation, so that there is practically 
a continuous supply of cement grout 
under pressure. More than two con- 
tainers or several pairs of containers may 
be used if desired. 

It will be seen that the pressure under 
which the cement grout is supplied can be 
controlled at will by varying the pressure 
of the displacing water. Since only clean 
water passes through the pumps, there is 
none of the wear and tear on the parts 
which would take place on passing the 
cement grout through them. The 
apparatus is very compact and especiallv 
suitable for hand-work upon scaffolding 
or in limited spaces. The apparatus is 
not only applicable to cementation ; it 
may be applied to the supply of other 
suspended solids in water or other liquids. 
Pressures as high as 500 lbs. per sq. in. can 
be conveniently employed. 


ERNEST FIANDER ETCHELLS, 


Ernest Fiander Etchells. 
AN APPRECIATION BY EWART S. ANDREWS. 


IHE tragic passing of Ernest Fiander Etchells on January 5 leaves a gap in our 
ranks that it will be very difficult to fill ; for Etchells was in many respects a re- 
markable man. Physically he was of massive contour and striking appearance— 
hewn out of rugged granite, to use an expression that he often adopted himself 
with a characteristic but rather pleasant rolling of the “r.” Intellectually he 
was in many respects also a giant ; he had a remarkable memory and an amazing 
flair for getting hold of obscure matters lying on the borderland of engineering 
and architecture. 

Every one of the very large number of men who came into contact with 
him must have realised that here was a man who was different from the rest ; 
personality exuded from him, and combined with this quality, which is so 
dificult to define but so easy to feel, there was in him the power to convince 
as to his ability and reliability. These are rare attributes, and fitted him well 
for the difficulties in the official appointment which he fulfilled so successfully 
at the London County Council. His age—only fifty years—came as a surprise 
to most of his friends ; I have known him for over twenty years and have had 
the privilege of his intimate friendship ever since. When I first met him I was 
about to take over from him some evening lectures at one of the London colleges, 
and we met to discuss the work that he had been doing quite successfully so 
that I could continue on somewhat similar lines. He was only twenty-seven 
years of age, but he was even then wearing the beard which in later years had 
become so familiar, and did not look many years younger than he did in recent 
times. | 

His activities can be divided into two streams, those resulting from his 
oficial capacity and those resulting from his intimate connection with so many 
professional societies. As a technical officer in the London County Council he 
worked for many years under the Superintending Architect of the Council, 
particularly in regard to the administration of the London Building Acts in 
connection with Steel Frame and Reinforced Concrete Buildings. For the 
technical clauses of the 1909 Act dealing with Steel Frame Buildings he was, I 
believe, almost solely responsible ; and although some, including myself, have 
severely criticised some of these clauses, such- criticism has been principally 
directed to details; all of us recognise that as a whole the Act was a fine piece 
of work, and experience of its administration by the District Surveyors for nearly 
twenty years has proved that it worked very smoothly in practice. 

I doubt if anybody who has not had experience as a technical officer to a 
public authority can have any conception of the amount of work an Act of this 
kind involves. There are necessitated the previous study, digestion, and col- 
lation of the various regulations obtaining in other countries; endless writing 
of minutes and reports; attendances at conferences where people will waste 
time by talking irrelevances and important persons ask unnecessary questions 
that involve feverish searching of past records a few hours in advance of the next 
meeting. Etchells excelled in this kind of work. He possessed the quality, 
so valuable in a public servant, of being able to '' suffer fools gladly," and was 
moreover willing to burn much midnight oil in mastering his work. 
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E. FIANDER ETCHELLS. 


CONCRETE 


The Reinforced Concrete Regulations, which were passed in July 1915, 
represented a more ambitious piece of work and involved years of concentrated 
effort. These Regulations have been subjected to much criticism in the light 
of later knowledge, but everybody who is in possession of the facts realises that 
Etchells in drafting them and piloting them through their various channels was 
prompted by one desire only—to produce a set of regulations which were complete 
in every detail, would ensure a very high standard of construction, and would 
be worthy of the great city of which he was a devoted servant. In the past 
few years he has been engaged upon a revision of these Regulations, and I believe 
his work was practically completed when a heart attack took him from us. 

His other activities which brought him into touch with a large body of men 
were in connection with professional societies, of an amazing number of which 
he was an active member. He was this year in the chair of the British Section 
of the French Society of Civil Engineers, but he will be most remembered in 
connection with the Institution of Structural Engineers and the Concrete Insti- 
tute from which it grew. This change of title followed upon an earlier change of 
scope and was due almost entirely to his own efforts; the wonderful growth 
of that Institution in the past few years is a great tribute to his foresight and 
importunacy. 

I have previously referred to the fact that his favourite studies were on 


New Marine Parade at Ramsgate. 


[All-concrete carriageway and footpatbs, 6 in. thick, reinforced with B.R.C. fabric. The Borough Engineer 
is Mr. J. G. Taylor.) 
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E. FIANDER ETCHELLS. 


the borderland of engineering ; the standardisation of engineering notation was 
one of the subjects to which he gave great attention and his efforts have been 
crowned with success so far as reinforced concrete is concerned in this country. 
His book on this subject and his presidential address, both published separately 
by the Institution of Structural Engineers, are both good examples of this aspect 
of his work. 

This memoir is rather on unusual lines, but I feel justified in so presenting 
it because it deals with an unusual man, and I will conclude with a brief reference 
to his personal qualities. His most striking quality which made such a marked 
impression upon all who came into contact with him was a strange blend of 
opposites ; he was learned yet jovial—even boyish. Whenever he spoke at a 
meeting he would be certain to give a sudden descent from the sublime to the 
ridiculous which tickled the fancy of his listeners and made them feel that here 
was a fellow with a quaint sense of humour. Most of us were in the habit of 
chafing him, and he always responded in the right spirit—it is a great testimonial 
to a man's character that his intimate friends chaff him in public. 

He possessed tremendous enthusiasm for everything that he undertook ; 
if he made one mistake it was of undertaking too much. He relied upon a to- 
morrow, with. the result that he probably shortened his life by over-straining his 
constitution in trying to keep pace with the work wh:ch he had undertaken. 

His disposition was a delightfully sunny one—yet his life was not all sun- 
shine; he had to pass through shadows, but they did not darken his outlook 
and we will remember him for many years as an outstanding and inspiring figure 
amongst us, always ready to laugh with us and never refusing to help us with 
our difficulties. 


title to the Institution of Structural 
Engineers. At the time of his death he 
was President of the Association of 
Architects, Surveyors, and Technical 


Mr. Etchells died on January 5 at the 
age of 50. He held the office of Struc- 
tural Engineer in the department of the 
Superintending Architect of Metropolitan 


Buildings at the County Hall. He was 
trained at Manchester, Glasgow, and 
King's and University Colleges, London, 
and was a pupil of F. L. Lane, of Leeds, 
and of John Strain, of Glasgow. Не was 
early engaged in designing rolling stock 
for the Pretoria and Pietermaritzburg 
Railway, aerial ropeways in Bolivia, and 
nitrate plants in Chile. Later he was 
employed on structural work at Mother- 
well, Lanarkshire, and on the Clyde 
Valley Electric Power scheme and the 
City of Mexico Electricity Supply scheme, 
and since 1902 had been engaged chiefly 
as an engineer and surveyor under the 
London Building Acts. 

He was a Past President of the Concrete 
Institute for two sessions in succession, 
and largely instrumental in changing its 


Assistants, in which body he took con- 
siderable interest, honorary president of 
the Association of Floor Constructors, 
Honorary A.R.I.B.A., and honorary mem- 
ber of the British Engineering Standards 
Association. For the present year, 1926- 
27, he was president of the British section 
of the Société des Ingénieurs Civils de 
France. Mr. Etchells was also associated 
with other technical institutions, and 
was interested in the standardisation of 
mathematical notation. Quite recently 
he was devising a method of cheapening 
the production of mathematical books by 
the use of ordinary printing characters 
instead of signs for the expression of 
formule, and in this direction he was 
working in conjunction with the pro- 
prietors of this journal. 
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CONCRETE 


Repairing a Masonry Bridge by Injecting 
Cement. 


Оствіре the Carcassonne Station of the 
Chemin de Fer du Midi there is a masonry 
bridge of a total length of 148 m. and a 
width of 8 m. crossing the river Aude 
on the skew at an angle of 65 deg. The 
bridge consists of five masonry arches, 
each 18 m. span and 3 m. rise, and two 
arches each 6 m. span supported by six 
piers and two abutments. 

For a long time cracks had been visible 
in the masonry and in 1923 all the 
arches were cracked, generally in a 
longitudinal direction. The cracks were 
3 to 4 cm. in width. Similar cracks 
were apparent in the piers. A survey 
of the bridge revealed the fact that some 
of the cracks ran from the intrados to the 
extrados of the arches. 

Water appeared to be the cause of 
the defects, and the following precau- 
tionary measures were taken in order to 
make it serviceable : 

(1) Injection of cement under pressure 
into the piers and arches ; 

(2) Improvement of the drainage ar- 
rangements for taking away the rain- 
water from the floor. 

In a recent issue “Ге Génie Civil” 
describes the work of injecting cement as 
carried out under M. Bouteiller, the 
Chief Engineer for Works to the railway 
company. 

The holes were drilled by a pneumatic 
hammer, the drill turning one-sixth of a 
revolution at each blow of the hammer, 
which weighed зо lbs. and worked under 
a pressure of 7-7 lbs. The average depth 
of hole was 6 ft. 6 in. Wherever the 
masonry appeared of a poor quality 
or damp, or wherever the joints were 
in a bad state, holes were drilled. 

After driling the holes, air under 
pressure was blown into them in order to 
clean out the débris. This operation 
also helped to give some idea of the 
openings existing between the different 
holes. The next operation was the 
injection of water to wash out the 
holes. This was continued until only 
clear water escaped from the open- 
ings. 

Before injecting the cement the hole 
was stopped by a pipe caulked with gaskin 
and, if necessary, fixed by quick-harden- 
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ing cement in order to prevent ап escape 
of the material pumped in. 

Two different methods were employed 
in the injection process. In the first a 
steel cone, with a valve, was fixed to an 
elbow bolted on to the injecting pipe. 
The cement grout was run into the cone, 
which had a capacity of about one 
bucket-full. 

The first batch of grout was mixed 
very wet, sometimes three volumes and 
never less than one volume of water to 
one volume of cement. The next applica- 
tion consisted of two volumes of water 
to three volumes of cement. The object 
of the first very wet mix was to enable 
the grout to fill very small cracks at a 
considerable distance from the drill-hole, 

After the hole was considered to be 
filled the pressure was maintained for 
I5 minutes to allow the cement to com- 
mence to set. As only one bucket of 
grout can be used at a time the number 
of injections required to fill a large hole 
is very large and the operation is pro- 
longed. Also the cone method does not 
permit of grouting holes drilled upwards 
or those near the arch springings. 

The second method comprises a drum 
80 cm. diameter and 40 cm. wide, made 
of steel plates and mounted on a travel- 
ling carriage. Inside the drum, paddles 
revolve on a horizontal axis. On one 
side of the drum is bolted a mouthpiece 
for filling it with grout. Another orifice 
in the upper side serves for the compressed 
air, and a third for the pipe leading to 
the drill-hole. 

The drum enables a fairly large amount 
of grout, about five bucketfuls, to be 
injected at one operation. The direction 
of the drill hole is also of no importance ; 
even if the hole is vertical the air-pres- 
sure from below prevents the grout 
from flowing downwards, while another 
charge is being prepared. 

The apparatus has given very satis- 
factory results. Nearly 54 tons of cement 
have been used and 623 holes drilled. 
These figures give some idea of the 
quantity of voids in the bridge and its 
piers. The work has proved a satisfac- 
tory and cheap method of repairing this 
bridge. —\. 5. С. 
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BOND BETWEEN СОХСКЕТЕ AND STEEL. 


Bond between Concrete and Steel. 
By W. D. WOMERSLEY, M.A., B.Sc., A.M.Inst. C.E. 


lN the usual tests for bond resistance between concrete and steel, in which a 
steel bar is embedded for a certain length in concrete and then withdrawn by the 
application of an axial pull, there are one or two unsatisfactory features which 
it has been considered desirable to remove, and consequently the problem has 
been approached in a slightly different manner. 

In the first place, unless the bar to be withdrawn has a diameter reasonably 
large in comparison with its embedded length a considerable longitudinal stress 
must be applied in order to move it, and this produces an appreciable diminution 
in the diameter of the bar, which is variable along the embedded length by reason 
of the transference of the tensile stress in the bar to shear in the concrete. This 
means, in effect, that the embedded end of the bar is larger in diameter than 
the exit end, and since, under certain conditions, the concrete will maintain 
contact throughout the length of the bar, the exit end of the hole is less in 
diameter than the remoter parts of the embedded bar. A certain amount of 
work must therefore be done in the deformation of the bar during its withdrawal. 


Director 
| өмсөн 0 Dh 
Fig. 1. 


It may be shown that the diameter of the bar increases logarithmically 
from the exit end inwards as shown in an exaggerated manner in Fig. r. If 
the diameter of the bar is small in comparison with its embedded length, it may 
be that the exit end may reach its elastic limit in tension and diminish in 
diameter sufficiently to lose contact with the concrete entirely. Under these 
conditions the elastic limit stress passes along the bar until the whole of it is 
released. Many experiments have been carried out in this manner, and in all 
cases of long embedments—up to 40 diamcters—the tensile stress necessary for 
the withdrawal had this same value, indicating that the true bond resistance was 
not really being measured. 

In the second place, the steel bar is usually cast co-axial with a concrete 
cylinder and the relation between the diameter of the steel bar and the diameter 
of the concrete cylinder has a considerable bearing on the results. Since concrete 
contracts in setting and the rate of setting is proportional to the temperature, 
and since the reaction is exothermic, it follows that the centre of a mass of 
concrete during setting will reach a higher temperature than the outer 
regions and will consequently set quicker ; thus the later setting contraction of 
the outer regions will produce a radial compressive stress in the concrete and 
steel at the centre. The extent of this mutual pressure between the concrete 
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and steel will affect considerably the frictional force necessary to produce relative 
movement between the two materials. The radial compressive stresses also 
produce diametral strains in the steel and concrete, which further complicate 
the diametral variations discussed. 

The process of disengaging a piece of embedded steel from the surrounding 
concrete consists of two very definite parts which become inextricably mixed 
together in this method of experiment. Initially there is an adhesive surface 
action of some kind between the concrete and the steel during setting, and this 


Direction 
Shrast 


Fig. 2. 


produces what has been termed the “ stickiness " part of the bond. The extent 
of this effect depends upon the mutual pressure existing between the two materials 
when setting takes place and also on the intimacy of the contact, produced perhaps 
by the ramming of the wet concrete on to the steel. When this adhesion has 
been broken down (and this is more easily done by vibration than by a steady 
pressure) the friction must be overcome before relative motion takes place. In 
the pull-out tests these two actions are occurring simultaneously in different 
parts of the bar. 

Experiments have been carried out in an endeavour definitely to separate 
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the two parts and to determine, if possible, the extent of the contraction 
compressive stress initially set up. The concrete used in the experiments consisted 
of granite chips and sand and rapid-hardening Portland cement, the mixture being 
in the same proportions as that in the compression specimen C described in 
Concrete and Constructional Engineering for April and May, 1926. АП the 
tests were carried out at 7 days. 

In the first series of experiments a steel plate was set up vertically and 
two rectangular blocks of concrete cast, one on each side, and independent of 
each other in order to prevent any possibility of contraction stresses occurring 
between the concrete and steel. The arrangement is indicated in Fig. 2. It 
was set up in the testing machine resting on the two concrete blocks with suitable 


Fig. 3. 


resilient packing, and the steel plate was pushed down between them. The plate 
was of rolled mild steel with the rolling scale intact, and thus presented a very 
smooth and hard surface to the concrete. The results are as under :— 


TABLE I 


Experiment No. I 2 3 4 5 
Tangential Stress Ibs. per sq. in. 79 72 68-4 99:4 85:5 
Average 80-8 lbs. per square inch. 


In the second series of experiments, 3-inch diameter concrete cylinders were 
cast with their axes vertical and with their bases resting on hard steel discs 
the surfaces of which had been filed quite smooth. These specimens were set up 
in a torsion testing machine and the steel discs twisted off by the application 
of a pure couple as shown in Fig. 3. In these tests, again, there is no setting 
contraction causing pressure between the two materials, but there is more intimate 
contact produced by the vertical ramming of the wet concrete directly on to the 
steel discs. Under these conditions, and on the assumption that the adhesion 
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is uniform over the surface of the disc, if f is the tangential stress and T is the 
couple necessary to overcome it, then 


ы 
оын | J as, dx 


2-0 


where ғ is the radius of the cylinder. Thus since у = 1:5 inches 
f = “І415.Т lbs. per square inch. 
The results obtained are as under :— 


TABLE II 
Experiment No. à I 2 3 4 5 6 
Couple T , : š Lbs.-inches so4 558 810 864 ооо 1440 
Tangential Stress / . Lbs. per square inch 71:3 79 115 122 127:5 204 


Average 120 lbs. per square inch. 


NoTE.—The specimens 1 and 2 were made by a different operator to the remainder. 
The specimen 6 was beyond the capacity of the steel shank attached to the disc, which twisted 
off. | 


Fig. 4. 
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These two series of experiments were carried out to determine the magnitude 
of the pure adhesion or “ stickiness ” between the concrete and the steel for use 
in the third series, but the variation produced by the conditions of casting make 
it impossible to apply the figures as originally intended. 

In the third series of tests, discs of concrete ro in. in diameter and 2 in. thick 
were cast co-axially on J-in. diameter mild steel bars, the casting position being 
with the axes of the bars vertical. The surfaces of the bars in contact with the 
concrete were turned and smoothed. At the appropriate period the specimens 
were placed in a specially-constructed testing machine with the bars in tension, 
and pure couples were applied to twist the concrete discs relative to the bars. 
A photograph of the arrangement is shown in Fig. 4. The tensile stress in the 
bars was different in each specimen, varying from o to 16,000 lbs. per sq. in. 
Two tests were made at each stress. Ап indicator was arranged between the 
diss and the bars to show the relative rotation, and was sensitive to about 
0-01 deg. The breakdown had the same characteristics throughout the series. 
Norelative movement was shown until the couple had increased up to the critical 
point, when adhesion broke down, and this was generally accompanied by a slip 
of about 0-05 deg. Thereafter, with each uniform increment in the couple, a 
more or less sudden and uniform increment in the relative movement took place, 
the indicator remaining quite steady after the slip had occurred until such time 
as the couple had increased sufficiently to overcome completely the frictional 
resistance, when the rotation proceeded jerkily without any further increase 
in the couple. The results are as under, each figure being the mean of two 
experiments :— 


TABLE III 
| ! 
Tensile Stress in Bar. | | | 
| Lbs. рег sq. inch | ° 1,ООО 2,000 3,000 4,000 | 5,000 
Initial Tangential Stress. | 
| Lbs. per sq. inch 348 | 337 | 223 203 237 250 
Final Tangential Stress. | 
| _ Lbs. per sq. inch 449 745 539 | 550 459 621 
Tensile Stress in Bar. | 
т Lbs. per sq. inch | 6,000 7,000 8,000 9,000 | 10,000 | 11,000 
Initial Tangential Stress. | 
; Lbs. per sq. inch 273 I 272 180 262 234 
Final Tangential Stress | d | 2 | 4 | 3 
f Lbs. per sq. inch , I о 29 98 61 II 
Tensile Stress in Bar. per 54 39 | 44 329 | 3 3 | 4 
" Lbs. per sq. inch | 12,000 | 13,000 | 14,000 | 15,000 | 16,000 — 
lnitial Tangential Stress. S; | | | 
. Lbs. per sq. inch 2 182 201 172 196 — 
Final Tangential Se i di | | í ch 
Lbs. per sq. inch | 464 416 | 301 | 402 416 Ян 
| 


——— 


These figures are shown plotted in the curves of Fig. 5. There is the usual 
type of variation which seems to occur in most ultimate tests on concrete, and 
ны the general trend of the curves is possible. The lower line, showing the 
e slip stress, or the breakdown of the adhesion, looks as though it may be 
Ё raight, the Stress declining in intensity as the tensile stress in the steel increases. 
: 3 Чаны 15 from about 300 lbs. per sq. in. with no stress in the steel to about 

: Per Sq. In. when the steel is stressed to 16,000 lbs. per sq. in. This is the 
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teal Stress betweer Steel ата Concrete — Lbs. per sonare (нх 


Sanger 


O 


dongitudinal Stress (е Steel in 1000 lbs. per square стс. 
Fig. 5. 


type of result that might be anticipated, as the diametral strain іп the steel due 
to the longitudinal stress, and also the actual extension of the steel, may be 
expected to draw it slightly away from the concrete. 
Treating the concrete disc as a thick cylinder, and making the usual assump- 
tions, it may be shown that a relationship such as given below should exist. 
Tangential stress necessary to cause relative rotation against frictional 


resistance (f) 
= p.15 — ze xS ршн, 
I + MQ, — 0, + ”5-- 


R +r 


Where :— 
R and r are the external and internal radii of the disc respectively (5 inches 
and о-25 inch) 
и is the coefficient of friction between the concrete and steel (0-5) 
р is the initial radial compressive stress in the concrete at the surface of 
contact with the steel 
£ is the longitudinal tensile stress in the steel 
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o, and o, are Poisson's Ratios for steel and concrete respectively. (0:3 in 


each case) 
m is the ratio of the elastic moduli of steel to concrete (about 7 with this 


class of concrete) 


Whence 
0: 
Ї--0:5519- 3 221 
I + 7.3 — 03--7.------ 
5 — 0:25 
= Р -0:016.4. 
2 


This is, Of course, a straight line with a declining slope of 0-016. The upper 

line on the curve is drawn at this slope to lie as evenly as possible amongst the 
experimental points. It indicates that the initial radial compressive stress 
between the steel and concrete is of the order of 1,120 lbs. per sq. in. The thick 
cvlinder theory thus shows a hoop tensile stress in the same region in the concrete 
of about the same intensity. That there is a considerable hoop tension present 
is shown by the fact that a number of the discs were found to have radial tension 
cracks in them in the central region. It would appear, however, that this very 
high value of the tensile stress should have made cracks apparent in all the 
specimens, in which case the whole theory breaks down, as the material would 
no longer be elastic, but this was not the case. As some of the specimens were 
definitely cracked the fact may account for the variable character of the figures. 
By producing the line further to meet the steel stress axis it is found that the 
tangenitial stress necessary to produce relative rotation would be reduced to 
Zero when the tensile stress in the steel is of the order of 35,000 lbs. per sq. in., 
which is in the vicinity of the elastic limit stress and is thus in reasonable agree- 
ment with the ordinary pull-out tests for long bars of small diameter. 

The concrete is of good quality and the steel smooth, but even so the initial 
slip stress is getting perilously near to the usually accepted safe working stress 
of тоо lbs. per sq. in. It may be that with the ordinary commercial concrete the 
results would be even lower when the steel is at its full working stress, and it would 
appear that some form of deformed bar is almost a necessity to safeguard against 


this kind of failure. 
The experiments described were carried out in the Engineering Laboratories 


of Cambridge University. 


Constitution of Cement Clinker and of Blast-Furnace Slag. 


WHEN examined under X-rays crystalline substances give rise to optical interference, 
whereas amorphous bodies only cause a black tinge. This fact has been made use of 
by F- Wever in the examination of cement clinker and blast-furnace slag, and the 
results of his work are given in a recent number of “Zement.” 

ЛЕ he two slags examined did not show any trace of interference, and are therefore 
amor phous bodies. The various cement clinkers examined were arranged according 
to ta «= и composition, those with the least slag giving the most interference. Portland 
сепе- xat and aluminous cement, of course, gave very clear interference bands.—W. S. С. 
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Cement, Concrete and Bricks. By Alfred 

B. Searle. Second Editi 

ia Constable & Co., Ltd. Price 24s. net., pp. 

441. 
IN these days when the application of 
science to building materials is being 
heralded it is useful to have a text-book 
which deals in a scientific manner with 
the three most important non-metallic 
constructional materials, and this volume 
serves that purpose. The chemistry of 
cement is thoroughly discussed, and 
summaries are given of the modern re- 
search work and opinions upon the 
chemical constitution of cement and the 
precise changes which occur when cement 
sets and hardens. Although the manu- 
facture of cement seems comparatively 
simple the author gives a list of no less 
than eight chemical compounds of lime, 
silica, and alumina believed to exist in a 
normal Portland cement in addition to 
the minor quantities of iron, magnesia, 
and sulphur compounds also present. 

The chapter dealing with the manu- 
facture of cement is disappointing because 
the methods described are, generally 
speaking, obsolete. The statement that 
“it is customary to break up lumps of 
chalk more than three inches in diameter 
with small picks or hammers ” before 
entering the washmill might have been 
true last century, but is a travesty of 
modern conditions when ten tons of 
chalk at a time in pieces up to тоо lbs. in 
weight are tipped into the washing plant. 
An illustration described as a '' cement 
plant with rotary kiln ” is in reality а 
tube mill! 

The section on concrete is to be wel- 
comed for its sound teaching on the 
choice of concrete aggregates and methods 
of concrete production. On the subject 
of waterproofing concrete the author 
points out that the  water-repellent 
materials of which many of the pro- 
prietary articles are formed defeat their 
ends because of the ditficulty of mixing 
them with water. The first principles 
of reinforced concrete are clearly ex- 
plained, and various types of reinforce- 
ment described. Proper reference is made 
to the work of Professor Duff Abrams in 
connection with the water-cement ratio, 
and the use of pozzuolana or trass— 
strangely neglected in this country—is 
advocated as a means of rendering con- 
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crete denser and more resistant to the 
action of sea water. 

The section on bricks deals with the 
raw materials, methods of manufacture, 
and the characteristics of the various 
types of bricks, and should be useful to 
those desiring to gain knowledge on the 
qualities of bricks. 

Although some of the book is neces- 
sarily in highly technical language, there 
is much that will appeal to the general 
reader who 15 interested in constructional 
materials. 


Portland Cement Research. By R. H. 

(Paper No. 4 of the Portland Cement 
Fellowship (U.S.A.), pp. 12.) 
CO-OPERATIVE research is being conducted 
in the United States by the Government 
Bureau of Standards and the Portland 
Cement Association, the latter body being 
composed of cement manufacturers. This 
pamphlet describes the work being done 
by a staff of chemists, physicists, and 
petrographers, the prime objects being 
to discover the precise chemical com- 
pounds which exist in cement and the 
changes which take place when cement 
sets. The scheme of research promises 
to be exhaustive, and definite results 
appear to be assured if the work can be 
carried to its conclusion. 


Association 


An Elementary Treatises on Statically Inde- 
terminate Stresses. y John Ira Parcel 
and George A. РЕВ ы the University 
of Minnesota, U.S.A. 

London: Chapman & Hall, Ltd. Price 25s. net. 


THE title must not mislead the reader 
into thinking that this book is ele- 
mentary except in its academic sig- 
nificance. The problems of secondary 
stresses and indeterminate structures are 
fundamentally involved, and probably 
will always remain so. This treatise 
therefore assumes the reader is thoroughly 
conversant with the first principles of the 
theory of structures, and then proceeds 
to outline and develop the methods of 
analvsing statically indeterminate struc- 
tures and computing their stresses. 
While written primarily as a classroom 
text-book, it is hoped by the authors that 
the book will prove useful to engineers 
wishing to work up the subject by in- 
dependent study. There is little doubt 
that this hope will be fully justified. 
Briefly stated, this work co-ordinates 


and brings under one cover the older 
principles together with the results of 
recent researches and advances in their 
methods of application in the refinement 
of stress calculations that are of use to 
the structural engineer. Needless to add, 
from these authors, it is an extremely 
thorough and able work of high standing 
in which the requirements of practice are 
not ignored. In its survey it embraces 
structural steelwork and reinforced con- 
crete, and presents many numerical 
examples illustrating the methods des- 
cribed. m" 

The text iS divided into chapters and 
sections convenient for reference purposes, 
and deals with the methods of Least 
Work, Maxwell-Mohr, Moment Areas, 
Elastic Weights, Williot Displacement 
Diagrams, Slope-Deflection, Influence 
Lines, etc., and their application to 
frames of all types, arches, etc. 

The concluding chapter—a general 
discussion and historical review—forms 
most interesting reading and indicates 

the authors' wide understanding of the 

subject matter in relation to practical 
utility. Finally, a comprehensive biblio- 
graphy is appended citing works up to 

1925, with brief comments on their 

contents. No reference, however, is 

made in this book to the monographs or 
Publications of recent British investi- 
gators, such as R. V. Southwell, H. M. 
Martin, and Professors Lamb and Pippard, 
mention of whose works would benefit the 
list and render the book still more useful 
to British students.—L. T. 


Whitaker’s Almanack, 1927. 
(Complete edition, 6s, ; abridged edition, 35.) 


Tis mine of information on practically 
every conceivable topic to which an 
everyday reference might be required is 
now published in two forms, the abridg- 
ment being a resumé of the whole of the 
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contents of the complete edition. The 
complete edition is too well known and 
valued to need description. In the 
abridged edition the compression of 
sections formerly given at length has 
made possible the inclusion for the first 
time of many subjects of general interest 
hitherto reserved for the larger book. 
Among these new sections will be found 
an alphabetical series of 57 articles en- 
DT “ Questions of the Day," articles 
“ Science and Invention," and many 
ae features. Some of the usual fea- 
tures have been retained in their entirety, 
among them being the '' Parliamentary 
Summary," “ Events of the Year," and 
similar articles, while a ‘‘ Table of Abbre- 
viations ” has been included, and many 
Statistical and other tables have been 
added to afford information on topics of 
general interest. 
Collins’ Engineers’ Dia 


ary. 
(London: William Collins, Sons & Co., Ltd. Prices 
from 2s. to 75. 6d., according to binding.) 


Tuis, the latest addition to the engineers’ 
pocket books and diaries, contains a 
wealth of information of everyday use 
to engineers, although data on building 
construction is meagre. On steel sec- 
tions, motive power, electricity, hydrau- 
lics, gas engineering, power transmission, 
etc., however, there are comprehensive 
sections. The handbook section occupies 
128 pp., followed by a diary (one week 
per opening), and the usual memoranda 
pages. Measuring 54 in. by 3} in., 1 
is a useful size for the pocket and the 
excellence of the binding is an assurance 
that it will stand hard wear aad constant 
use. 


Catalogue of Technical Books.— 
The 1925 supplement of the Catalogue 
of British Scientific and Technical Books 
issued by the British Science Guild 
(6 John Street, London, W.C.2) is now 
ready. 


Reinforced Concrete in 1926.—Messrs. Mouchel & Partners, Ltd., 


inform us 


that they were responsible for the reinforced concrete design of the following struc- 


tures illustrated in our January number : 
engine sheds at Exmouth Junction ; 
Lane Bridge, Sutton Coldfield ; 


Shire. 


Coed Madoc Bridge, Carnarvonshire ; 
road retaining wall at Tyddyn Badyn, Carnarvon- 


Super-generating station at Birmingham ; 
Penn's 
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Questions and Answers relating to Reinforced 
Concrete. 


Readers are cordtally invited to send in questions relating to concrete. 
lied to by an expert, and, as far as 


questions will be r 


le, answered at 


possib 
once direct and “Вон Куран published where they are of sufficient general 


est. Readers s 


supyly /ull name and 


8, but only initials will be 


inter 
published. Stamped envelopes should be sent for replies.—Ep. 


Design of Water Tower. 


QvuESTION.—I should be glad if you 
would give me the following information 
with reference to the design of a water 
tower by Dr. Faber in Concrete and Con- 
structional Engineering for February, 1924. 

I wish to calculate the foundations of 
the tower—say isolated footings under 
each column. According to author's 
figures :— 

(а) p-71 Load per pillar (weight 
of tower and water) 

(b) р-73 Load or pressure рег 
pilar due to wind effect 
№. І = 547200 


2 
158. нэ 
(c) Load ог pressure per pillar 
due to wind effect No.2 . ? 


86,750 lbs. 


— 12,300 


Total load or pressure acting 
on base of one pillar . 158 


In resolving R(a +b + c), the total 
force acting through the column, I 
obtain the component N acting verti- 
cally (or normal pressure) from which it 
is easier to obtain the dimension and 
reinforcement for slab (footing). Would 
you show me how to calculate this 
additional pressure (c) on the pillar due 
to wind effect No. 2 (racking) please ? 

Cairo. H. 


ANSWER.—The secondary effect of wind 
pressure is to produce bending moments 
in the pillars and in their foundations. 
This cannot be expressed by an additional 


load per pillar. There is additional stress 
in the pillar due to the bending, but no 
additional load on it other than what you 
have already calculated under item (b). 
Exactly the same remarks apply to the 
base.—O. F. 


Highway Bridges. 


QUESTION.—In his interesting paper on 
Beam and Slab Concrete Highway Bridges 
published in ''Concrete and Construc- 
tional Engineering ” for May last, Sir 
E. Owen Williams does not make it quite 
clear what assumptions he made in cal- 
culating the correct thickness for the slab. 
The stresses in the slab depend largely 
on the relative deflections of the longi- 
tudinal beams determined by the relative 
moments of inertia of beam and slab. 
I presume the slab has been calculated 
as a continuous beam over fixed supports, 
and should be glad to know if this is 
so.—]. HALERO JOHNSTON. 

ANSWER.—Sir Owen Williams replies as 
follows: In my paper on ‘ Beam and 
Slab Concrete Highway Bridges,” the 
slabs are calculated neglecting the deflec- 
tion of the beam but not assuming fixation 
of the slab over the supports other than 
due to continuity. Bending moments in 
slabs are first of all a maximum for 
conditions of partial loading of the 
structure, i.e. when the beams are not 
fully loaded, and therefore not fully 
deflected. Further, any assistance that 
the torsional resistance of the beam 
may give is neglected. 


Calcium Sulphate in Cements. 


Ir has been known for a considerable time that calcium sulphate is a useful agent for 
retarding the set of cements and that, of the many forms under which this salt occurs, 
the ordinary plaster of Paris used in building is the most powerful and most reliable in 
action. The employment of ordinary hydrated gypsum necessitates the use of an 
increased amount of water when the concrete is being mixed, with a consequent lower- 
ing of the compressive strength of the concrete. In some cases this particular variety 
of calcium sulphate has not had any retarding effect. Anhydrous calcium sulphate— 
the natural anhydrite—added by itself to the clinker produces rather uncertain results, 


according to an article in ““Zement.” Additional gauging water was also required.— 
W.S.G. 
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Concrete in Mines. 
NEW METHOD OF GALLERY LINING. 


A xew method of lining mine galleries, struction of reinforced concrete and a 
linings, and shafts has been introduced very elastic one of concrete blocks with- 
into this country by the British Schaeffer out reinforcement. 

Co, Ltd., of, 32 Victoria Street, West- The system is based on the theory that 
minster, S.W.1. The system, the inven- before the creation of a hollow space in the 
tion of Mr. H. Schaeffer, in its latest form shape of a mine gallery, the mass of rock— 
ıs something midway between a rigid con- regarded in cross section—is in a state of 
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equilibrium. The effect of disturbing this 
equilibrium differs ; in an unfissured and 
solid rocky mass it is almost nil, and it is 
greatest when the rock is soft and broken 
up by mining. The more friable the 
mass, the sooner will pressure be set up. 
At the very least, a quantity of stone, dis- 
turbed by the effect of continual repairs to 
the supports and the loosening of the 
joints in the strata of a faulty place, 
weighs down heavily on the support. 
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The destruction of the support or lining 
is in almost every instance the result of 
heavy pressure. 

The following must, therefore, be re- 
garded as the essentials of a really durable 
support : The thickness (sectional dimen- 
sions) of the slabs must be such as will 
carry the load of the loosened mass of 
rock without question. Further, it must 
be flexible enough (flexible in its capacity 
to alter its shape without diminution of 


e 
зүх “рт 
————— —Á س‎ 
НЭЭ ыы Gt) 
met oes а 
Заа 


its transverse sectional area) to accom- 
modate itself to the natural direction of 
the pressure in the surrounding ground 
until the loosened mass has become con- 
solidated into a self-supporting roof. 

These requirements are claimed to be 
met by the new system with a minimum 
of material and therefore at a minimum 
of expense. The supporting tube is 
divided into a series of independent rings, 
and upon the principle that the greater 
the movement in the ground the smaller 
must be the rings. Each ring consists of 
concrete slabs laid against each other 
without mortar. To render an altera- 
tion in the shape possible, compression 
courses are inserted at statically important 
points. It is a speciality of the system 
that these alterations of shape cannot 
exceed certain limits. The slabs are 
made with holes near the outer circumfer- 
ence of the lining, and are reinforced dur- 
ing erection by a steel and concrete core. 

By this means dangerous pressure upon 
the internal edges is avoided without inter- 
fering with the working of the compression 
courses. If there were no external steel 
reinforcement, or if it were not suitably 
applied, distortions similar to Fig. 2 are 
possible. 

With certain exceptions, “Т” slabs are 
almost always employed ; in comparison 
with a solid slab it possesses the great ad- 
vantage that with an equal transverse sec- 
tional area it gives a greater strength of 
lining, or with a smaller sectional area an 
equal strength, greater solidity and a 
lower cost is attained and a greater power 
of resistance to pressure. The following 
illustration explains this. 

Square Slabs.—Proportions—1 cement 
у 6 aggregate; 1 metre long = cost 
1655. 

Compression Strength: 3o cm. by 4o 
Cm. = 1200 sq. cm. at 175 kg. рег sq. 
cm. = 210 tons per slab. 

"T" Slabs.—Proportions—1 cement 
to 4 of aggregate; 1 metre long = cost 
1245. 

Compression Strength : 795 sq. cm. at 
270 kg. per sq. cm. — 215 tons per slab. 

The slabs are made under a patented 
method with pneumatic stamps, by which 
it is possible, at a minimum cost, to pro- 
duce slabs possessing high compressive 
Strength, exact shape, and smooth sur- 
faces. The blocks can be lifted by one 


CONCRETE IN MINES. 


FULTS 


OO} 


Fig. 4.—Types of Slabs. 


man and transported in any tram wagon. 
The forms are erected on the spot. No 
special arrangements are required, so that 
erection can be done without interfering 
with the normal working of a mine. 

The lining is supplied in three modifica- 
tions : 

(1) As a light gallery lining, e.g. in air- 
ways, engine rooms, etc. 

(2) For medium pressures, e.g. in the 
faulty places. 

(3) For the heaviest pressures resulting 
from the working out of seams or other- 
wise. 

The determination of the dimensions is 
guided by the general principle that the 
support must be the lightest which is 
necessary. A fixed standard has hitherto 
been found unattainable. Based on a 
wide experience, it is meantime possible to 
find the most economical method for each 
case. Generally speaking it may be 
taken as a guiding principle that the 
softer and more rotten the ground the 
more elastic and strong the lining must be. 
If the lining be built before the pressure 
develops a lighter support may be chosen 
than if the gallery has already been re- 
paired many times. То estimate the pres- 
sure properly it is essential to possess 
intimate knowledge of local conditions 
and the peculiarities of the ground. 

We illustrate one of the many instances 
abroad in which this system has been 
employed (Fig. 3). This is a locomotive 
siding and an inset that required lining 
to prevent the collapse of the roof and 
walls. Brickwork had previously been 
employed. In brick the cost of a wall 
16 in. thick was 1825. per lineal yard, while 
in the Schaeffer system the cost was only 
415. 64. per lineal yard. 
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RECONSTRUCTION OF MARSEILLES OPERA HOUSE. 


CONCI AT, 


Reconstruction of Marseilles Opera House. 


Tur Grand Theatre (or Municipal Opera 
House) of Marseilles has now been recon- 
structed after the fire of 1919 in which 
it was practically destroyed. It was 
decided to preserve as far as possible the 
ол па! stone façades, and this has 
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been done, but the interior has been 
entirely reconstructed in reinforced con- 
crete. 

The interior arrangement is shown on 
the drawings on pp. 167 to 169. Theprin- 
cipal supports and the galleries are four 
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Marseilles Opera House: Interior View. 


ж 2 7. '& £c - 
octagonal columns 
with 16-in. sides, 


each of which carries 
about6ootons. The 
main beam between 
columns a and b 
4 (Fig. 1) is 5 ft. deep 
by 1 ft. 2 in. wide. 
The beam carrying 
the top gallery is 
coupled with the 
general framing of 
the upper part of 
the building, and 
is also tied at 4, 
B,andC, Fig.2. At 
D part of the load is 
carried by tie-beams 
suspended from beam 
M, N. The archi- 
tects are MM. Castel, 
Ehrard, and Бау- 
mond, and the con- 
tractors MM. Jalhut 
and Ricord. 


Fig. 2.—Section through Top Gallery. 
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Reinforcement under Boxes. 


Reconstruction of Marseilles Opera House. 


(See р. 166.) 
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FLAT SLAB DESIGN. 


Flat Slab Design.* 


THE subject of this volume is the design 
of flat slabs reinforced in more than one 
direction. The author, Dr. Lewe, is a 
recognised authority in Germany on the 
calculation of stresses in slabs of the 
mushroom type. This type of construc- 
tion has only recently been introduced 
into Germany, where it has been taken 
up eagerly by engineers for warehouse 
and tank work. An abstract of the 
German regulations for flat slabs appeared 
recently in ''* Concrete and Constructional 
Engineering.” 

Beginning with the older treatments 
of flat slabs due to Grashof and Eddy, 
Dr. Lewe points out their deficiencies 
from the point of view of theory. The 
well-known method of dividing the panel 
width into bands is then described and 
is followed by an account of the new 
American regulations for two-way and 
four-way slabs. A comparison between 
these and the German regulations is 
then made. The latter rules specify the 
design moments at top and bottom of 
columns in terms of the column stiffness 
and load. 

A large portion of the book is devoted 
to an exact solution of slab problems 
based on the use of Fourier’s expansions. 
This method, originally due to Navier, may 
be found in Love's “ Elasticity,” From 
the point of view of the designing engin- 
eer the treatment is laborious, and it 
requires more than an average mathe- 
matical training to be able to follow the 
reasoning with ease. Dr. Lewe provides 


* “ Pilzdecken und andere tragerlose Eisenbetonplatten." 
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a large number of tables which will 
simplify the work of calculating bending 
moments in the various arrangements of 
slabs with which he deals. 

Of particular interest is the treatment 
of rectangular raíts on elastic founda- 
tions. Present-day Continental practice 
in the design of foundations tends towards 
the use of a ''ground-compression ” 
coefficient, 1.6. a number expressing the 
amount of sinking of the ground under a 
standard loading, to indicate the nature 
of the subsoil instead of the older method 
of describing the ground as capable of 
resisting so many tons per square foot 
of pressure. The tabular matter in the 
book is accompanied by explanatory 
examples. 

It is difficult to review a book of this 
nature, which is an endeavour to make 
theory fit a method of construction which 
has been used for many years and 
designed on a far from scientific basis. 
It is even doubtful whether a theory is 
required until we are able to say that 
Poisson’s ratio has a fixed value for any 
definite mix of concrete. The ratio must 
enter any theoretical investigation of 
flat slabs, and up to the present its value 
is very uncertain. Some authorities give 
impossible values in their tables. 

The last thirty pages of this book are 
devoted to descriptions of flat-slab work 
carried out by German engineers. These 
include warehouses, tank-floors, cooling- 
tower foundation, grain stores, etc. The 
illustrations are excellent.—W.S. G. 


By Dr. Lewe (Berlin: Wilhelm Ernst 


** Contex.’’—A correspondent informs us that he recently purchased two gallons 
of '" Contex,” a material for surface treating concrete described іп the November 


number of this journal, at a price of {т 6s. a gallon. 


When the material reached the 


dock, however, he was informed that it had been analysed by the Customs and was 
found to contain a considerable percentage of spirit, with the result that it was dutiable 
to the extent of /3 18s. sd. 

Stothert & Pitt, Ltd.— Mr. James Railton, of Messrs. Topham, Jones & Railton, 
public works contractors, has joined the Board of Messrs. Stothert & Pitt, Ltd., Bath. 
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ESTIMATING QUANTITIES FOR СОХСКЕТЕ. 


Estimating Quantities for Concrete. 


A RECENT bulletin of the National Sand 
and Gravel Association, of Washington, 
contains a description of a method of esti- 
mating quantities of materials for con- 
erete advocated by Mr. Stanton Walker, 
Director of the Engineering and Research 
Division of the Association. In dealing 
with methods in use, it is stated that 
since concrete became an important 
structural material there has been a 
demand for an accurate method of esti- 
mating the quantities of materials which 
it requires for different proportions. 
Various formulae have been proposed and 
a number of different tables have been 
computed to assist the engineer in esti- 
mating the quantities of cement and 
aggregate for concrete. Many of such 
furmule and tables lack flexibility or 
accuracy, or both, due to the efforts made 
to attain simplicity. The formule for 
the most part are based on the voids or 
density of the aggregate, but do not take 
into account the important part played 
by the quantity of mixing water in deter- 
mining the volume of concrete. For 
example, a comparatively fine aggregate 
with high voids may produce a greater 
volume of concrete for the same amount 
of cement than a coarser aggregate with 
low voids, due to the fact that more 
mixing water is required for the finer 
aggregate than for the coarser material. 
À method for the estimation of quantities 
of materials based on the density of the 
aggregate, which takes into account the 
quantity of mixing water, is fundament- 
ally correct. 

The method described is based on the 
fact that the volume of concrete is equal 
to the volume of the solids in the aggre- 
Rate plus the volume of cement paste, 
so long as there is a negligible quantity 
of unfilled voids or air. The method 
described elimipates the mortar-voids 
tést and seems to give equally accurate 
results. 

The following formula is derived from 
which the quantity of cement per cubic 
Yard of concrete may be calculated if the 
concrete 15 plastic and workable and the 
approximate water-ratio, the weights of 
aggregates used with each 94 lb. cu. ft. 
of cement, and the approximate specific 
Rravities of the aggregates are known : 


F 


Bbls. of cement per cu. yd. of concrete 


6:75 
= W, W, (1) 
Sas u 62:5 Sy + 62:5 S, 


Where : 

x = water-ratio ; ratio of volume 
of mixing water to volume 
of cement. 

W, — weight of fine aggregate im 
pounds used with one 94 
lb. cu. ft. of cement. 

weight of coarse aggregate 
in pounds used with one 

94 lb. cu. ft. of cement. 
S, and S, = apparent specific gravities of 

fine and coarse aggre- 
gates, respectively. 

For aggregates of average specific 
gravity this equation can be reduced to 
the following simple form : 

Bbls. of cement per cu. yd. of concrete 


_ 67800 | 
(И, TÍ W) + (2 
ЭГЭЭ eee 


W. 


The solution of Equation 2 is made 
easy by the chart in Fig. т. - 

The method may be expressed alge- 
braically as follows : 


C =V, +D +D. . (3) 


Where : 

C = Volume of concrete. 

V, = Volume of cement paste. 

D, = Volume of solids (absolute volume) 
of fine aggregate. 

D. = Volume of solids (absolute volume) 
of coarse aggregate. 

Vp, the volume of cement paste can be 
calculated with sufficient accuracy as 
follows : 

V, = И, (0:5 x) . . (4) 

Where: 

V, — Volume of cement paste, in Eq. 3. 

V. = Volume of cement, assuming I cu. 
ft. to weigh 94 lb. 

x = Water-ratio; ratio of volume of 
mixing water to volume of 
cement, or cubic feet of water 
per 94 lb. cu. ft. of cement. 

Equation 4 is based on the assumption 
that the volume of cement paste is equal 
to the absolute volume of cement (volume 
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of solids) plus the volume of mixing 
water. For an average specific gravity of 
cement of about 3:12 the number of cubic 
feet of solids in 94 pounds of cement is 
"M IM 
62:5 х 3:12 
volume of mixing water gives the volume 
of the paste with a fair degree of accuracy. 
The use of the factor 0-5 instead of 0-48 
does not introduce an important error 


— 0:48. This value plus the 


CONCDE]. 


The volume of solids in a given weight 
of aggregate may be calculated as follows : 


W - 
62:5 S (5) 
Where : 
D = Volume of solids in aggregate as in 
Eq. 1 


W = Weight of aggregate in pounds. 
5 = Apparent specific gravity of aggre- 
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$. and barrels of cernett «140 (see 


1.—Diagram for Estimating Quantity of Cement per Cubic Yard of Concrete. 


(1 barrel = 376 lbs.) 
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Therefore Equation 3 may be written 
as follows for the volume of a batch of 
concrete made with 1 sack of cement: 

C 4 нате 


For aggregates having specific gravities 
ranging from 2:60 to 2-70, as most aggre- 
gates do have, the substitution of the 
factor 166-6 (or 1$ x 100) for 62:5 5 will 
not introduce an important error into 
the method. 

Therefore substituting this constant, 
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Equations I or 2 the weight or volume of 
fine and coarse aggregate would be found 
by multiplying the weight or volume of 
the cement by the number of weights or 
volumes of the aggregates. 

As will be seen, the method gives 
results accurate within 2 or 3 per cent. 
so long as: 

(1) The concrete is plastic and work- 
able and all voids in the aggregate are 
filled with cement paste. 

(2) No water is lost, as in the case of 
extremely wet mixtures. 


Table 1. 


COMPARISON OF ESTIMATED QUANTITIES WITH TABLES OF THE STRUCTURAL MATERIALS RESEARCH LABORATORY. 


Estimated unit weights 
lb. per са ft. 


Barrels of cement per 
см. yd. of concrete 


i 


Miz hy Size of aggregate Water- Fine Coarse rom Calculated 
тоште те Coarse ratio Bull. 9 from kq 2 ` 
1-2.3 0-No. 4 None 0.9 112 .. 2.24 2.30 
1-1.5-3.0 0-Хо. 8 No. 4-1 in 0.9 108 106 1.56 1.57 
1-2.1-2.8 0-No. 4 38-1 іп 0.9 112 106 1.51 1.47 
1-1.7-3.4 0-No. 4 No. «-1% in 0.9 112 112 1.44 1.40 
1-2.3-4.2 0- No. 4 34-8 in 0.9 112 110 1.23 1.18 
1-1.8 0-No. 4 None 0.8 112 — 2.71 2.69 
1-1.1-2.5 0-No. 8 No. 4-1 in. 0.8 108 106 1.82 1.87 
1-1.6-2.3 0-No. 4 365-1 іп. 0.8 H2 106 1.83 1.75 
1-1.3-2.8 0-No. 4 No. 4-114 т 0.8 112 112 1.78 1.66 
1-1.8-3.4 0-Хо. % 4-8 іп 0.8 112 110 1.49 1.42 
114 0-No. 4 Norte 0.7 112 рат: 8.18 3.1% 
1-0.8-2.0 0-Хо: 8 No 4-1  in.* 0.7 108 106 2.27 2.26 
1 -1.1-1.9 0- No. 4 %-1 іп 0.7 112 106 2.26 2.14 
1-0.9-2.2 0-No. 4 No. 4-115 іп 0.7 112 112 2.15 2.06 
1-1.3- 2.6 0-Хо. 4 5,-8 іп 0.7 112 110 1.87 1.78 
1-0.7 0-No. 4 None 0.56 112 ens 4.36 4.41 
1-0.4-1.1 0-No. 8 No. 4-1 in 0.56 108 106 8.51 3.45 
1-0.5-1.0 0-No. 4 %— іп 0.56 112 106 8.30 8.32 
1-0.4-1.2 0-No. 4 No. 4-11) in 0.56 112 112 3.34 3.16 
1-0.6- 1.5 0-No. 4 34-3 in 0.56 112 110 2.90 2.76 


(1 barrel = 376 lbs.) 


Equation 6 may be re-written as follows : 
W, + W. 

1666 (7) 

Or expressed without symbols : 

The volume of concrete produced by 
one 94 lbs. cubic foot of cement is equal 
to 0:5 plus the volume of mixing water in 
cubic feet, plus the result obtained by 
Е the weight of the aggregate Бу 
106-6, 

Equations r and 2 come directly from 
dividing 6:75 (the number of “ barrels ” 
In à cubic yard) by Equations 6 and 7 
respectively. 

Having determined the quantity of 
cement per cubic yard of concrete from 


C = o:5 + х + 


(3) No important amount of air is 
entrained as in the case of very dry and 
lean mixtures and of mixtures of ex- 
tremely fine aggregate. 


Application of Method. 


The following information is required 
to apply this method : 

(r) Proportions of cement to aggregate, 
either by weight or by volume. 

(2) The weight per cubic foot of aggre- 
gate as used on the job; required only 
where proportions are expressed by vol- 
ume. 

(3) The approximate water-ratio. 

For example, considera 1: 2: 4 mix by 
volume. From knowledge of the aggre- 
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gates to be used, assume that it is known ing a straight line in Fig. I Нот 470 
that the sand weighs 85 lbs. per cu. ft. lbs. on the scale at the left to 7 gallons 
and the gravel тоо lbs. per cu. ft, and оп the scale at the right and reading the 
that, from knowledge of the consistency intersection on the scale in the centre. 


of concrete which is to be used, approxi- From this the volume of sand required 
mately 7 gallons of water, ог 0-94 cu. ft. | 11-1 
of water, will be used with each cubic 18 2 X 1:39 X 4 = —— = 01-41 cu. yd. 


foot of cement. In this mix, therefore, dcn Р d 
for each cubic foot of cement there is 804 the volume ol gravel, 4 X 4 x 139 = 


170 baso Жэн йн айхаа аты 22:2 cu. ft. = nia 0:82 cu. yd. of gravel. 
0:94 cu. ft. of water. 27 . yd. 


Table 2. 


COMPARISON OF ESTIMATED QUANTITIES WITH MEASURED QUANTITIES. 


Barrels of сетев! per 


Aggregate cu. yd. of concrete 
Unit aaa ie 
weight Calculated Calculated 
Data Міх by Water- Relative Fineness lb. рег from meas- [гот 
[гот volume ratio consistency Size modulus cu. ft. wred yield Е4? 
Bull. 4 1-7 1.12 1.10 0-11» in. 5.75 128 0.95 0.95 
“ 1-4 0.80 1.10 а 4 5 1.57 1.54 
1-2 0.58 1.10 ч | ` 2.63 2.58 
Ë 1-7 1.28 1.25 j й » 0.95 0.94 
7 1-4 0.90 1.25 2 j: И 1.55 1.50 
ч 1-2 0.66 1.25 Ё 2i 4 2.58 2.51 
4: 1-4 1.09 1.10 0-No. 4 3.05 115 1.48 1.55 
ü " 0.96 сі 0-% іп. %.00 119 1.55 1.56 
á и 0.86 Ч 0-34 in. 5.00 126 1.55 1.54 
Bull. 8 1-6 0.92 1.00 0-11 in. 5.75 127 1.12 1.12 
х 1-5 0.82 » Ч 5 Ы 1.81 1.32 
T 1-4 0.72 Ч 5 l u 1.59 1.58 
i 1-3 0.62 “ ba “ 4 1.98 1.98 
1-6 1.00 1.10 й m х 1.11 1.11 
" 1-5 0.89 4 ^ т s 1.31 1.29 
| 1-4 0.78 4 i s Ж 1.57 1.56 
1-3 0.68 » " Ë ч 1.97 1.94 
ө 1—6 ).12 1.25 2 Е i 1.10 1.09 
à 1-5 1.00 4 4 5 ы 1.29 1.27 
Ё 1-4 0.88 т г : E 1.54 1.53 
^ 1-3 0.76 » 2 di j 1.94 1.90 
š 1-5 1.26 1.10 0-No. 4 8.15 113 1.25 1.32 
* ы 1.10 à 0-34 in. 8.50 117 1.25 1.32 
4 š; 0.97 4 0-34 in. 5.00 126 1.27 1.28 
“ 1 + 1.09 » 0-No. 4 8.15 112 1.50 1.58 
Ч 4 0.95 s 0-34 in. 8.50 117 1.52 1.58 
и 4 0.85 4 0-34 in. 5.00 126 1.53 1.54 
(1 barrel = 376 lbs.) 
Then substituting in Equation 2, we Had the mixture been expressed in 
have: terms of weight the calculations would 
Barrels of cement per cu. yd. of con- have been equally simple. Assume that 
crete it is desired to determine the quantities 
6:75 of materials per cubic vard of concrete 
= 170 + 400 for a I: 2:4 mix by weight for the same 
05 + 94 + “71666 _ water-ratio as above. The weight of 
6. sand and gravel for each 94 lbs. cubic foot 
= — = 1:39 bbls. of cement. of cement would be as follows: 
o M Sand: 2 x 94 = 188 Ibs. 
Or the solution may be made by draw- Gravel: 4 x 94 = 376 lbs. 
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Then : Weight of sand per cu. yd. of concrete 
Bartels of cement per cu. yd. of con- = 140 X 4 X 94 X 2 = 1,050 lbs. = 0:52 
crete tons. 

6:75 Gravel = 1:40 X 4 X 94 X 4 = 2,100 

= - зэс 188 + 376 lbs. — 1:05 tons. | f 
0-5 + 0:04 + | In the above calculation “4” is the 
166:6 number of cubic feet in a barrel of 
6-75 cement and 94 lbs. is the weight of one 

= — = 1-40 bbls. of cement. cu. ft. of cement. 


_ 483 


Or the solution may be made Бу means 
of Fig. 1 by drawing a straight line from Comparisons with Measured Quan- 


564 lbs. on the scale at the left to 7 gallons tities. 
on the scale at the right and reading the Tables 1 to 4 show comparisons of 
intersection on the scale in the centre. quantities of cement calculated from 
The quantity of aggregate in tons can Equation 2 with values based on meas- 
be readily calculated as follows : ured quantities. 
Table 3. 


COMPARISON OF ESTIMATED VALUES WITH MEASURED VALUES. 


Barrels of cement per cu. yd of concrete 


Calculated from 
data in Pearson's 


ч f end Hitehcock's J Calculated 
ч dL Water-ratwo papers from Eq 2 
l-3 -6 1.44 0.95 0.96 
1-21 -5 1.20 1.12 114 
l-2 -4 1.01 1.86 1.38 
1- 115-8 0.79 1.74 1.76 


(1 barrel = 376 lbs.) 


Table 4. 


COMPARISON OF ESTIMATED QUANTITIES WITH CALCULATED QUANTITIES. 


Barrels of cement per cu. yd of concrete 


j : 4 
Ma ^y volume Water ratio ee ME end 

цэн 0 +4 2.41 2.4% 
0.53 2.37 2.36 

0.64 2.33 2.28 

"12-3 0 53 1.78 1.79 
096% 175 1.74 

T 075 1.73 1.70 
0.59 1.60 1.62 

0.72 1.57 1.57 

0.84 1.54 1.53 

зи 0.60 1.49 1.51 
0.72 1.47 1.47 

1-2-4 0.85 1.45 1.43 
0.61 1.41 1.41 

0.73 188 1.38 

1-3-5 0.86 1.36 1.35 
0 79 1 07 1.09 

09+ 1.06 1.06 

1-3 6 1.11 1.04 1.04 
081 0.98 0.99 

0.98 0.96 0.97 

—— 1.14 0.95 0.95 


ا 
barrel = 376 lbs.)‏ 1( 
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ESTIMATING QUANTITIES FOR 


Table r, which perhaps shows the 
least favourable comparison of any of 
the data studied, is made up from Bulle- 
tin 9 of the Structural Materials Re- 
search Laboratory “ Quantities of Mate- 
rals for Concrete" by Abrams and 
Walker. In general the difference be- 
tween the values given in the tables of 
Bulletin 9 and those calculated from 
Equation 1 do not differ more than about 
0-07 of a barrel of cement. This small 
error might readily occur from a slight 
error in the values which were assumed 
for the unit weights of the aggregates or 
due to slight differences in “ rounding 
ой” decimals in Abrams’ and Walker's 
original calculations of the propor- 
tions. 

Table 2 shows a comparison between 
values calculated from Equation 2 and 
values calculated from measured “ yields” 
reported in Bulletins 4 and 8 of the 
Structural Materials Research Labora- 


High Tensile 
Mr. Ewart S. ANDREWS, B.Sc.,AM. Inst. 
C.E., writes: 5 

I do not differ from the main point which 
Mr. Burness makes in his letter published 
in your December number, that if the per- 
missible stress in the steel is increased then 
for the same stress in the concrete the 
amount of concrete must also be іп- 
creased, assuming, of course, that the 
compression stress in the concrete is up 
toits maximum value—which it seldom 
is in a slab or T-beam. 

In my article in your November 
number I was not dealing with the 
relative cost of ordinary and high tensile 
reinforcement, but was endeavouring to 
show that, so far as 1 could find experi- 
mental evidence, the use of high tensile 
reinforcement resulted in greater strength 
for the same area of reinforcement or 
equal strength for less area of high ten- 
sile reinforcement compared with that 
of the ordinary reinforcement. 

At the present time in this country the 
use of high tensile reinforcement is to a 
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tory. The two sets of values show a 
very close agreement, the average differ- 
ence being less than 0-03 barrel. 

Table 3 shows a similar comparison for 
data reported in a paper before the 1024 
convention of the American Concrete 
Institute by Pearson and Hitchcock. In 
no case is the difference between the 
measured and calculated values more 
than 0-02 barrels of cement. 

Table 4 shows a comparison between 
barrels of cement calculated from Equa- 
tion 2 and by Talbot and Richart based 
on the “ mortar-voids ” test and the 
solids in the gravel. The data are from 
Table 8 of Bulletin 137 of the University 
of Illinois Engineering Experiment Sta- 
tion “ The Strength of Concrete, Its 
Relation to the Cement, Aggregates and 
Water,” by Arthur N. Talbot and Frank 
E. Richart. An examination of the 
table will show a remarkablv close agree- 
ment in the two sets of values. 


Reinforcement. 


large extent prohibited except for small 
sizes up to ¥-inch diameter, and when 
regulations do not prohibit its use the 
Stress is still restricted to the same as 
for ordinary reinforcement. Although 
I have not gone into the question of 
relative costs of the steel, I think Mr. 
Burness has allowed for too large an extra 
cost of medium carbon steel over mild 
steel. The cost will depend much on the 
demand, and this in turn will depend on 
the extent to which regulations allow 
it to be used. Approximately, if we 
increase the stress from 16,000 lbs. to 
20,000 Ibs. the weight of steel will be 
reduced by one-fifth and if the increase 
in cost per ton is more than one-fourth 
then the stronger steel will cost more. 
If it should prove more expensive to use 
the high tensile reinforcement, pre- 
sumably it will not be used ; but if there 
are no technical objections against 4 
steel, economic considerations ОПУ 
should decide whether or not it is to be 
used. 


Tank at Nine Elms.—On page 68 of our last number we described an illustration 


of a tank as “ Filter Tanks at Walton.” 


This should have read “ Gas Purifier Tank 
at Nine Elms, for the Gas Light and Coke Company.” 


The engineers and contractcrs 


for the work were Messrs. Christiani & Niclsen, of Victoria Street, Westminster, S. W.1. 
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DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. 5. 4. 
Best Washed Sand . . . . . peryard 16 o 
Clean Shingle, 3 in. mesh 3 : : š ¿ А , š ” 14 O 

Ші Е $ in. mesh. : Я А : š : R zi 15 6 
Thames ballast . : 4 с 5 д : : N š " 10 6 
Broken brick (1 in.) j : А š : ” тг 6 
Best British Portland Cement . рег ton 58. to 63 6 
" Ferrocrete" Rapid-Hardening Portland Cement delivered London ros. per ton extra 
“Super-Cement м i ; : perton 88s. to 93 o 
* Lightning ” Brand Aluminous Cement . ; š š Я » 1005. to 105 6 
Ciment Fondu : Я ; : , : ‘ . works f.o.r.95 O 
BOARDING FOR SHUTTERING— Sawn. Wrot. 

5, 4. 5. 4. 

Din. . г А . : . . 4 . per square 23 6 27 6 

1$ in. . , $ : : , Р š š j 29 6 33 6 

I} in. . š š 1 3 35 6 41 O 
Sawn TIMBER FOR STRUTS AND SUPPORIS— 

3 in. by 4 in. ç 5 š . š . from /22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . Я ; š . as 4220 „ 4 

Мир STEEL RODS ror REINFORCEMENT— 5. 4. 
in. to 21 in. Rounds . . . | i à : . percwt. 10 6 
in. to ріп. Rounds . š қ š . é š 5 " IO 9 
1 in. Rounds қ š Я : š š қ : ў 2 її O 

$ in. Rounds : : ç š 4 š , “ 12 0 


Breeze Slabs рег yd. super: 2 in., 1/11, 21 in., 2/4; 3 in., 2/9; 4in., 3/6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PoRTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— 5,4. 
Do. do. in foundation . : . . : . per foot cube I II 
Do. do. in columns. : : i i қ Л ” 2 1 
Do. do. in beams. š { š ' š Ж v: 2 3 
Do. do. in floor slabs 4 in. thick . 5 : . peryardsuper 6 o 
Do. do. in floor slabs 5 in. thick . 7 : : 2 is 7 6 
Do. do. in floor slabs 6 in. thick . : š š " ” 9 o 
Do. do in floor slabs 7 in. thick . š . : 2s Ч то 6 
Do do. in walls 6 in. thick. i 8 8 

(Add for hoisting 3s. 6d. per yard cube above ground-floor level. Add for “ Ferrocrete " 
Is. 10d. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 
шин 24) in. to š in. : š . i А : . . percwt. 22 6 
in. 2 1 іп. : . . . . А . . $i 21 6 
$ in. to 27 in 20 6 


EXTRA LABOUR TO "BENDS in jin. rods, 44.; lin. rods, Id. ; jin. ' rods, 1}d.; 
lin. rods, 14d. ; 3-11. rods, 114., j-in. rods, 2d.; t-in. rods, 24d. ; 1141. rods, 

EX 3d. ; гіп, rods, 31d. ; 13-іп. rcds, 414., 1}-in. reds. 64. (per bend per cwt.). 
ps LABOUR TO HOOK BENDS: 4 in., 1d.; $ in., 2d.; ¢ in., 244.: $in., 

ss ы. rns 314.: țin., 4d. ; r in., 44d. ; 1] in., 6d. ; : 1] in., 7d. (per bend per см). 


Shattering and Supports for Concrete Walls (both sides measured) per square 59 o 
tering to Soffits of Reinforced а Floors and Strutting, average 


10 ft. high : : : з : ? per square 55 0 
2 do. in small quantities . А . per ft. super о Io 
uttering and Supports to Stanchions for easy removal, average 18in. by 18 in. 

Do per ft. super о 11% 

Do. do. as last, in narrow widths. . bi Ws I 1% 

Do. do. to sides and soffits of beams , average 9 in. by: I2in. ,, ,, I 1j 

do. as last, in narrow widths. : А и 5 1 3% 
Raking, cutting, and waste to shuttering . : : я pert ft.run 0 3 
сеа. splay on ditto . . » 0 2 

WAGES. ~ gle fillets fixed to internal angles of shuttering toformchamfer, „ о 


iuh he antes of wages on which the above prices are based are :—Carpenters 
on ны 1/9] per hour ; Carpenters working on old shuttering, 1/10} ; Labourers 
ding works, 1/44: Men on mixers and hoists, 1 /54: Bar-benders, 1/5$. 


(* Th 
в Date is *pecialy com pilcd for Concrete and Consteuctional Engineering, and is strictly copyright.) 
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PROSPECTIVE NEW СОХСКЕТЕ WORK. 


Prospective New Concrete Work. 


Batu. — Concrete Bridge. — The City 
Council proposes to reconstruct in rein- 
forced concrete the old city bridge. 

BripEFORD.—Houses.—The Т.С. pro- 
poses to erect 32 houses on the Handy 
Cross Estate. 

BixcLEv.—Road.—The  U.D.C. pro- 
poses to spend £64,000 on the construc- 
tion of a road. 

BILLINGHAM.—Houses.—The U.D.C. 
has applied for sanction to borrow (04,842 
for the erection of 222 houses. 

BnRisrToL.—Houses.—The Т.С. is to 
build 86 houses at Rodney Road by direct 
labour. 

BRISTOL. — Roads. — The Т.С. has 
applied for sanction to borrow £12,450 for 
the construction of roads. 

BRISTOL. — Reservoir. — The Bristol 
Waterworks Co. has applied for Parlia- 
mentary powers to construct a reservoir. 

BnockToN.—Bridge.—The Chirbury 
R.D.C. has instructed the Surveyor to 
prepare plans for the construction of a 
bridge over the Hampton Beach brook. 

BUCKHAVEN.—Sea Defence Works.— 
The T.C. is considering a scheme for the 
construction of sea defence works at Ness 
Braes. 

BURNLEY. — Houses. — The T.C. has 
been recommended to erect 88 houses on 
the Stoops Farm estate, at an estimated 
cost of £40,128. 

CAMBUSKENNETH.—Bridge.—The С.С. 
and the Stirling T.C. are considering a 
scheme for the provision of a footbridge 
over the Forth at Cambuskenneth. The 
cost is estimated at 21,900. 

CARLISLE.—Houses.—Application has 
been made for permission to erect 50 
houses. 

CARROMOSCAR.—Reservoiy.—The Gal- 
way County Board of Health proposes to 
construct a reservoir at Carromoscar. 

COULSDON AND PURLEY.—Houses.— 
The U.D.C. is preparing a scheme for the 
erection of 50 houses at Coulsdon. 

DaLwoop.—Bridge.—The Axminster 
R.D.C is considering the question of 
building a bridge at Dalwood. The cost 
is estimated at /2,300. 

DEVONPORT.—Concrete | Houses.— Тһе 
M.H and the Admiralty have agreed to 
a scheme to erect 174 concrete houses at 
Devonport. The cost is estimated at 
£100,000. 
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DEWSBURY.—Reservoir.—The T.C. pro- 
poses to spend £22,500 on the construc- 
tion of a reservoir. 

DOoLLAR.—Concrete Bridge.—The Clack- 
mannan С.С. proposes to spend/1 2,000 on 
the construction of a reinforced concrete 
bridge over the River Devon at Dollar. 

DuDLEY.—Houses.—The T.C. proposes 
to erect 60 houses on the Watson's Green 
estate. 

DuUNDEE.—Houses.—The Housing Sub- 
Committee recommends the T.C. to erect 
500 houses. 

EASTBOURNE.—Houses.—The T.C. re- 
commends that application be made for 
sanction to erect тоо houses. 

FAST STIRLING.—Houses.—The Stirling 
C.C. is to build 200 houses. 

EGHAM.—Houses.—The U.D.C. pro- 
poses to build 100 houses at an estimated 
cost of £47,443. 

EXETER.—Concrete Houses.—The City 
Council has applied for sanction to borrow 
£56,000 for the erection of 108 concrete 
houses. 

GrimsBY.—Houses.—Application has 
been made for permission to erect 64 
houses. 


SITUATIONS VACANT. 


REINFORCED Concrete Designers (two) required, 
with specialist training. Applications, stating 


age, experience and salary required, to Box No. 1265, 
CONCRETE AND CONSTRUCTIONAL ENGINEERING, 20 
Dartmouth Street, Westminster, S.W.r. 


BUILDERS Manager with special experience of 

reinforced concrete required, London district. 
Experience and salary expected to be stated, Box 
No. 1264, CONCRETE AND CONSTRUCTIONAL ENGINEER- 
ING, 20 Dartmouth Street, S.W.1. 


PATENT. 


HE owner of BritishPatent No. 152,106, relating to 
Improvements in utilization of low gradc carbon- 
iferous material in the manufacture of Portland Cement 
is desirous of entering into negotiations with one or 
more firms in Great Britain for the purpose of exploit- 
ing the above invention, either by їеэр of the 
Patent rights or the grant of a licerce or licerces to 
work on royalty. Enquiries should be addressed to 
MESSRS. ABEL & Imray, 30 Southampton Buildings, 
London, W.C.2. 


PATENT. 


"T HE Proprietor of British Patent No. 220,329. 
relating to the Construction of Box Moulds for 
Concrete, is desirous of disposing of bis rights in the 


above numbered patent, either by the sale thereof or 
bv granting licences to manufacture under royalty, 
for the purpose of exploiting the same and ensuriny its 
full development and practical working in this country. 
All communications to be addressed to :—H. A. (Ош. 
& Co., 51-52 Chancery Lane, London, W.C.2. 


GLASGOW. — Concrete Houses. — The 
Housing Committee recommends the Cor- 
poration to place a contract with Messrs. 
Henry Boot & Sons, Ltd., for the con- 
struction of 600 concrete houses. 

GLASTONBURY.—Houses.—The T.C. has 
applied for sanction to erect 44 houses. 

GROES. — Bridge. — The Colwyn Bay 
U.D.C. has prepared a scheme for the 
construction of a bridge at Groes. 

INVERNESS.—Houses.—The T.C. pro- 
poses to erect 100 houses. 

KIRKBY THORE.—Concrete Reservoir.— 
The East Westmorland R.D.C. is to con- 
struct a concrete reservoir at Kirkby Thore. 

KIRKCALDY. — Houses. — Application 
has been made for sanction to build 300 
houses. 

LISBURN (IRELAND).—Concrete Roads. 
—The Urban Council has received per- 
mission to borrow {38,000 for the recon- 
struction in reinforced concrete of certain 
Class 1 roads. 

LLECHRYD.—Bridge.—Plans have been 
prepared for the construction of a bridge at 
Llechryd. The cost is estimated at £20,000. 

LouGHBOROUGH.—Houses.—The_ T.C. 
has applied for permission to borrow 
£51,260 for the erection of тоо houses on 
the Shelthorpe Farm estate. 

LowrEsrorr.—Concrete Wall.—The Т.С. 
has applied for sanction to borrow /2,242 
for the construction of a sheet-piled con- 
crete wall in front of the Victoria bathing 
chalets. 

MANSFIELD.—Houses.—The T.C. has 
applied for sanction to borrow {40,000 
for housing purposes. 

MIDDLESBROUGH. — Houses. — The 
Housing Committee recommends the 
Council to erect 30 houses by direct labour 
on the Marton Grove estate. The cost is 
estimated at £310 each. 

Моктех FEN.—Bridge.—The Bourne 
R.D.C. proposes to construct a bridge at 
Morten Fen to replace Elvidge’s Bridge. 

NEATH.—Road.—A road is to be con- 
structed through the Cattle Market. 

NENADDFACH.—Bridges.—The Llan- 
dovery R.D.C. has prepared plans for the 
construction of bridges at Nenaddfach 
and Maes-issa. 

NEWCASTLE (IRELAND).—Bridge.— The 
U.D.C. proposes to erect a bridge over the 
Tullybrannigan river. 

NEwry.—Houses.—A scheme for the 
erection of cottages is being considered 

by the R.D.C. The cost is estimated at 
£62,000. 
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DUCKHAMS. 


CONCRETE 


MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Co., Ltd. 
6 BROAD ST. PLACE, LONDON, E.C.2 


RACKMILL, DOLLAR.—Concrete Bridge. 
—The Clackmannan C.C. proposes to 
erect a reinforced concrete bridge over the 


River Devon at Rackmill, Dollar. The 
estimated cost is £12,000. 
RATMINES. — Concrete Road. — The 


U.D.C. proposes to concrete Parnell Road. 

ROTHERHAM.—Houses.—The Corpora- 
tion proposes to build 200 houses in the 
Meadow Bank district. 

RUSHDEN.—Houses.—The U.D.C. is 
considering a scheme for the erection of 
32 houses in Irchester Road. 

SEDGEFIELD. — Houses. — The R.D.C. 
has applied for permission to erect 150 
houses in the rural area. 

SOUTHWICK.—Houses.—The Housing 
Committee recommends the U.D.C. to 
build roo houses on the Marley Pots 
estate. 

TAUNTON.—Concrete Houses.—The T.C. 
is to build тоо concrete houses, at ап 
estimated cost of £40,000. 

WALSHAW.—Houses.—The Tottington 
U.D.C. is recommended to build 72 houses 
at Walshaw. 

W ARRINGTON .—Houses.—The T.C pro- 
poses to erect 156 houses on the Bewsey 
estate and 1o houses on the Reynolds 
estate. 

WINCHESTER.—Houses.— The T.C. pro- 
poses to build 40 houses at Stanmore. 

WYvKE.—Houses.— Ihe Bradford Cor- 
poration is to erect 350 houses on the 
Shirley Manor estate by direct labour. 
The cost is estimated at /177,000. 
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TENDERS ACCEPTED. 


CONCRETE 


Tenders Accepted. 


BALCOMBE (SUSSEX).—Concrete Reser- 
voiy.—The Mid-Sussex Joint Water Board 
has accepted the tender of Messrs. Mus- 
sellwhite & Sons, Basingstoke, at £3,986, 
for the construction of a reinforced con- 
crete covered reservoir of about 517,000 
gallons capacity. Other tenders sub- 
mitted were: D. G. Somerville & Co., 
Ltd., £6,709 ; Monolithic & General Con- 
struction, Ltd., £6,546 ; Yorkshire Henne- 
bique Contracting Co., Ltd., 46,406, 
Anglo-Danish Concrete Construction Co., 
Ltd., £5,663; West’s Rotinoff Piling & 
Construction Co., Ltd., £5,634 ; W. Jones 
& Sons, Ltd., £5,624; Holloway Bros., 
Ltd., £5,589; G. E. Everitt & Sons, 


£5,584; Mears Bros, £5,554; Grays 
Ferro-Concrete Co., Ltd., £5,255; A. 
Streeter & Co., £5,131; L. J. Speight, 
Ltd., £5,110; Playfair Toole, Ltd., 


£5,073; H. Middleton, £4,962 ; Bridge & 
Engineering Co., Ltd., £4,953 ; Fram Re- 
inforced Concrete Co., Ltd., £4,782; F. 
Mitchell & Sons, 24,471; W. & C. French, 
£4,204. | 

BALDSLow.—Sewage Disposal Works.— 
The Battle R.D.C. has accepted the tender 
of Messrs. Hutchison & Son, St. Leonards, 
at £1,059, for the construction of sewage 
disposal works at Baldslow. 

BILLINGHAM. — Silo. — The Synthetic 
Ammonia & Nitrates Co. have accepted 
the tender of the Monnoyer British Con- 
struction Co. for the construction of a silo. 

CaRLISLE.—Houses.—The City Council 
has accepted the tender of Messrs. John 
Laing & Sons, Ltd., at £34,771, for the 
construction of 100 houses on the Long 
Sowerby estate. 

DovER.—Concrete Bridge.—TYhe Т.С. 
has accepted the tender of Messrs. G. 
Lewis & Son, Dover, at £1,680, for the 
construction of a reinforced concrete 
bridge over the Dour at Elver. 

KILLESTER (Co. DUBLIN).—Concrete 
Road.—The Dublin С.С. has accepted the 
tender of the Pioneer Road Construction 
Co., Dublin, at £2,885, for the construc- 
tion of 550 lineal yards of reinforced con- 
crete roadway from Killester Garden 
Village to Mount Dillon. Other tenders 
submitted were: J. Dowling & Co., 
43.996; South of Ireland Asphalt Co., 
£2,928; T. J. Moran & Co., £4,500. 
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LyYTHAM ST. ANNES.—Concrete Tanks.—- 
The T.C. has accepted the tender of 
Messrs. S. & J. Smethurst, Ltd., Oldham, 
for the construction of two reinforced 
concrete tanks. 

LYTHAM ST. ANNES.—The T.C. has 
accepted the tender of Messrs. J. Byrom, 
Ltd., Bury, for the construction of 
2,400 yds. of 33-in. concrete main sewer. 

MARGATE.—Concrete Sewer.—The Cor- 
poration has accepted the tender of Mr. 
W. Ballard, Broadstairs, at £7,240, for the 
construction of 988 yards of 33-in. and 
94 yards of 21-in. concrete sewer. 

OLDBURY.—Retnforced Concrete Bridge. 
—The U.D.C. has accepted the tender of 
Messrs. Jeavons & Co., Tipton, at £5,246, 
for the construction of a reinforced con- 
crete bridge, 40 ft. wide, 24 ft. 6 in. span, 
over the canal at Stone Street. Other 
tenders submitted were: G. Jackson, 
£9,271 ; McColvile, £5,252 ; Bridge Engi- 
neering Co., £5,800; А. E. Farr, £6,645. 

PENARTH. — Pier. — The U.D.C. has 
accepted the tender of the Yorkshire 
Hennebique Contracting Co., Ltd., at 
£5,449, for work in connection with widen- 
ing the pier. 

SHANKLIN, I.0.W.—Concrete Shelter. — 
The U.D.C. has accepted the tender of 
Messrs. J. Ball & Sons, Cowes, at /465, 
for the construction of a reinforced con- 
crete shelter on the Homecliff Promenade. 
Other tenders submitted were: F. C. 
Construction Co., /675; УУ. Brown, 
2475. 

TORQUAY. — Concrete Platform. — The 
T.C. has accepted the tender of Mr. W. H. 
Smith, Strand Chambers, Torquay, at 
£1,930, for the construction of a concrete 
platform at Beacon Cove. 

TREVOR. — Concrete | Reservoir. — The 
Lleyn R.D.C. has accepted the tender of 
Messrs. Wyatt Bros., Whitchurch, Salop, 
at £3,644, for the construction of a 45,000- 
gallon reinforced concrete reservoir, and 
jointing about 2,810 lineal yards of cast- 
iron spigot and socket pipes. 

WELLINGBOROUGH.—Concrele Tank.— 
The R.D.C. has accepted the tender of 
Mr. T. Sharp, Earls Barton, Welling- 
borough, at £140, for the construction 
of a concrete tank at the pumping 
station. 
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EDITORIAL NOTE. 
Specifying the Strength of Concrete. 


A SYSTEM of specifying the strength of concrete to be used in constructional 
work is one that has been the subject of much discussion during late years, and 
is agreed to have many advantages if contractors and engineers can be convinced 
of its practicability. Such a system would supersede the present custom of 
specifying the quality and proportions of the ingredients of concrete and attempt- 
ing to supervise the workmanship. The responsibility for the production of 
good concrete would thus lie more directly with the contractor, who would have 
greater freedom in selecting his materials and arranging his methods of working 
than he is now usually allowed. 
By this proposed system the strength of concrete would be ascertained by 
testing for compressive strength samples of the actual concrete mixings placed 
in the construction, and if the tests failed to reach the required standard it would 
be presumed that the concrete in the construction was too weak for its burden 
and replacement would be demanded by the engineer or owner. The presumption 
referred to as to the equality in strength of the test pieces and the concrete in 
situ has generally been regarded as reasonable, although there has sometimes 
been a feeling that the moulding of the test pieces would inevitably be more 
carefully done than the actual placing of the concrete in the work and thus the 
compression tests so obtained would represent the maximum strength of the 
construction. It has also been taken for granted that concrete tests made in a 
laboratory with given materials would give higher results than test pieces made 
in the field (field tests) from the concrete mixings used in constructional work. 
It is therefore surprising to find from a comprehensive series of investigations 
made in connection with road construction in North Carolina, first that laboratory 
tests are on the average lower than field tests of the same materials, and second 
that specimens of concrete cut out of the road are almost always considerably 
stronger than test pieces of concrete of the same age made in the laboratory 
from the same materials. The results of the tests are shown in the table and 
the graphical record, on p. 184 of this number, and although unexpected it is 
gratifying to learn that concrete placed in a construction is not always inferior 
to laboratory tests nor are the latter always the best that can be attained. The 


PUN is an important one and a similar investigation in this country is very 
еягаЫе. 
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SPECIFYING THE STRENGTH OF CONCRETE. CONCRE L 


A question that also needs to be considered is whether the strength of con- 
crete shown to be deficient by field tests should not be checked before demolition 
of the work by tests of specimens cut from the work. 


Water Content. 


FRoM what one hears from America the cement-water-ratio method of propor- 
tioning concrete is rapidly gaining ground, and is welcomed not only by engineers, 
who by specifying by this method are assured of the strength of a structure, but 
also by contractors, who find that it results in an appreciable saving of cement. 
It is, in fact, on the ground of economy that this method is most widely advocated 
and put into practice by the leading contractors. 

A committee of the American Concrete Institute has recently been studying 
the subject of proportioning from the economic standpoint, and has arrived at 
some interesting conclusions. Figures have been obtained from an actual con- 
struction job showing the difference in cost of wet and dry concrete of the same 
strength. The strength required was 2,000 lb. per sq. in. at 28 days. Тһе aggre- 
gate consisted of sand graded from 1 in. to dust and gravel from 11 in. to 1 in. 
It was found that by the exercise of forethought it was possible to use mixes 
considerably drier than usual for reinforced concrete work, and that concrete 
with a slump of 3 to 4 in. could be used practically throughout the work. Care- 
ful costs were prepared to show the difference in cost of the drier concrete (3 to 
4 in. slump) compared with the wetter mix generally used for similar work (6 to 
7 in. slump), both concretes giving the same strength. The result was as follows : 
Concrete with slump of 3 to 4 in. : Cement, 439 lbs. ; sand 0:42 cu. yd. ; gravel, 
0-69 cu. yd. ; cost per cu. yd., 195. Concrete with slump of 6 to 7 in. : Cement, 
546 lbs. ; sand, 0:36 cu. yd. ; gravel, 0-72 cu. yd. ; cost per cu. yd., 215.84. Тһе 
saving was thus rs. 8d. per cu. yd., with no loss of strength, and, according to 
the report, with no extra labour costs owing to the dryness of the mix. 

Tables are also given comparing a I : 2: 4 concrete with a concrete designed 
to give a strength of 2,000 lbs. рет sq. in. at 28 days. These comparisons are given 
for concretes made with different size aggregates, and show extra costsof 1:2:4 
mixes ranging from Is. 214. to 2s. 51d. per cu. yd. according to grading ; that is, 
the difference was less when the coarse aggregate was graded from } in. to ІЗ in. 
than when it was graded from 3 in. to 11 in. 

Mr. J. G. Ahlers, a member of the committee, stated that in the case of a 
seven-story reinforced concrete warehouse built by his firm, preliminary tests 
showed that a 1: 2: 4 concrete would cost 26s. per cu. yd., whereas by designinz 
the mixture to produce a 2,000-lb. concrete at 28 days the actual cost was 
23s. 4d., a saving of 2s. 8d. per yd. In this case a total of 1,494 cu. yds. were 
used, so that the total saving effected was £174 6s. 

We hope to refer again to this important report in our next number, and 
in the meantime would refer to a notice on page 228 of this number announcing 
the publication of a shilling booklet giving a complete account of the method of 
designing concrete mixes for pre-determined strength. 
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CCNSULTING ENGINEERS' CONTRACTS. 


Consulting Engineers' Contracts. 


THE Institution of Structural Engineers has recently produced a form of con- 
tract between the client and the consulting engineer, which can be obtained at 
the price of one shilling from the secretary of the Institution. The issue of this 
document remedies a long-felt need for a printed record of definite and authori- 
tative rules governing the relations between client and consulting engineer, which 
are too often left more or less indefinite and vague and may thus be the cause 
of much trouble and vexation when the question of fees and their rate of pay- 
ment arises. Just as the R.I.B.A. form of contract defining the relations between 
cient and contractor has proved a boon to both parties, and is widely used as 
the actual contract or as the basis for one, so it may be anticipated that this 
form will be welcomed by both consulting engineer and client as defining the 
usual and accepted practice. The contract is printed in two distinct forms, one 
lor use where a Bill in Parliament is contemplated and one for use without a 
Bill, and they are both supplemented by the rules of the Institution giving scale 
of fees and containing provision for payment in the event of extra work being 
carried out or in the event of the works being abandoned. These rules should 
be attached to and form part of the contract, so as to make it really self-con- 
tained. The document is a useful and serviceable one for both parties, binding 
the engineer to the proper carrying out of certain duties which are explicitly 
set out together with his responsibilities, and on the other hand binding the 
client to pay the proper scale fees for the work which is being carried out for him. 


Reinforced Concrete Suspension Bridge. 


(Tuis bridge has recently been completed at Vaux-sous-Laon, Aisne, France. The 
columns are provided with a bearing both at top and bottom to allow for 
expansion and contraction of the flooring of the bridge; this device is the invention 
of M. Freyssinet. The spacing of the columns varies from 42 ft. to 59 ft. 

The design of the bridge was dictated by the fact that the distance to be spanned 
was 230 ft. and only one intermediate support could be introduced. The central 
pylons are 65 ft. 8 in. in height, and to these the reinforced concrete “ cables " are 
fixed in one direction only. The ties between the deck of the bridgeand the '' cables "' 
are spaced at rr ft. 6 in. centres. The work was carried out by the Société des 


Entreprises Limousin, under the direction of the chief engineer to the Northern 
Railway Company.) 
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CONCRETE 


Comparison of Field and Laboratory Test Pieces. 
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Chart showing the effect of variables encountered on 18 investigations of the compressive strength of 1: 2 : 4 concrete 
when tested by means of laboratory cast cylinders, field cast cylinders and cores drilled from the finished structure. All 
specimens in each set were made from a given batch of materials. Each result is the average of 4 or 5 specimens. 


Project 

Number 1 2 3 4 5 6 

412 1779 1291 1781 2244 1717 2479 
577 1692 1871 2856 2315 2209 2586 
535 1719 2071 2080 2244 2419 2731 
588 1692 1909 1762 2315 2587 2822 
165 1692 800 1400 2315 1255 2831 
428 1692 1977 1893 2315 2572 2859 
670 1779 1548 1310 2244 2289 2954 
484 1799 1696 1665 2421 2215 2958 
473 1779 1572 1872 2244 1516 2996 
463 1799 2132 1606 2421 3071 3063 
614 1779 1707 1815 2244 2607 3129 
629 1799 1098 1238 2421 1537 3265 
742 1799 1711 1491 2421 2509 3297 
528 1779 1907 1662 2244 2900 3333 
429 1692 2643 2044 2315 3382 3557 
185 1799 1327 1408 2421 2441 3623 
141 1799 2481 2574 2421 2520 3927 
790 1799 370 1610 2421 662 4018 


Мотк: 

Column 1. Laboratory standard concrete—28 days—average five specimens. 

Column 2. Laboratory concrete from the materials sent from field to laboratory. Made and cured under laboratory 
conditions identical with those of Column 1. Age 28 days—average five specimens. 

Column 3. Field concrete. Specimens cast from concrete deposited in roadway, cured under field conditions for 
21 days and then packed in damp sand and shipped to laboratory for test at 28 days. Average five specimens. 

Column 4. Same as Column 1, test age 34 months. 

Column s. Same as Column 2; test age 34 months. 

Column 6. Field drilled core—age 3} months. 


All laboratory specimens made to conform as nearly as possible to the consistency of that used in field. All specimens 
corrected to strength of 6 x 12 in. cylinder. 


(See p. 181.) 
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SECONDARY STRESSES IN TANKS. 


Secondary Stresses due to Restraint at the 
Corners of Long Tanks. 


By GORDON WELCH, B.Sc., A.C.G.I., A.M.Inst.C.E. 


IN designing certain tanks and reservoirs of length considerably greater than the 
depth, it is often most practicable to reinforce the walls vertically, spanning 
between the floor and the roof or a cope beam provided along the top of the tank 
wall The calculations for the bending moments and the amount of vertical 
reinforcement required in the wall may be made in the usual way according to 
the amount of fixity assumed to exist at the bottom and top of the tank. 

The secondary stresses due to restraint at the corners of such tanks present an 
intricate problem in design, and although it may not be possible to determine 
mathematically the exact value of these stresses, owing to the variety of ways in 
which these can distribute themselves, it is hoped that the following analysis on 
rational lines may be of interest, and helpful in apportioning the steel reinforce- 
ment to cover the risk of cracking in the concrete. 

That these secondary stresses must exist is easily seen from considering 
Figs. x and 2. In Fig. І, A B represents the wall of a reservoir reinforced from 
B to A. Under the pressure of water in the reservoir this wall will deflect as 
shown in the figure; the shape of this deflection curve and the amount and 
position of the maximum deflection will depend upon the amount of fixing at the 
base and top of the wall. 

If now we take a horizontal section of the wall at a level where we get some 
deflection y, the wall held at the ends by the end walls will have assumed a shape 
as shown in Fig. 2. That part of the wall so far removed from the corners as to 
be unaffected by the restraint at the ends will have deflected an amount y from the 
straight unstressed position, but at the ends where no deflection is possible bending 
stresses as well as direct tensile stresses will be set up. It is the object of the 
following analysis to determine the maximum values of these stresses due to 
restraint at the corners of the tank. 

Let us consider any horizontal strip of wall 12 in. deep at the corner of the 
tank, as shown in Fig. 3. Let its unstrained position be A B and its position under 
the water pressure be A C with a deflection B C = A The load due to the water 
pressure on this strip of wall will be at 4 equal to the head of water at the level 
considered, whilst at C, where the maximum deflection is reached, this pressure 
will be carried wholly by the vertical spanning of the wall and the beam A C will 
be relieved of its load at this point. Between the points A and C the load on A C 
15 assumed to vary uniformly, as shown in the figure. 

Now, for such a beam fixed at one end in position and direction and fixed in 
direction only at the other, we have for the form of loading assumed, 


B р. "n 
Е 8 Mone 24 and C= СЕЛ 


where p.l. = pressure per square foot due to the head of water at the depth 
considered. 


Beyond the distance / the wall spans wholly vertically, and for the case of a 
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SECONDARY STRESSES IN TANKS. 


wall of height 5, fixed at the base and freely supported at the top, the deflection 
at any depth x from the top of the tank will be, for the vertical beam, 


[Atx + x5 — 2A?x3] 


У = OF. I 


where w = weight of a cubic foot of water. 
The water pressure ~./ at this depth will be = w.x. 
And the deflection, for the horizontal beam will be 


For any particular depth these deflections y and A must be the same, so that 
if in the two equations we substitute successive values of x in terms of й and 
equate y and A we can find the values of /, the effective length of that portion of 
wall under restraint, and knowing / we can calculate the values of M , at these 
depths. 

It should be noted that the above equations for the deflections y and A are 
strictly true only for homogeneous beams, and for reinforced concrete should 
be modified by factors which according to Turneaure and Maurer depend upon 
the value of n and the percentage of steel in the beams. The value of я may be 
assumed constant, however, for the two elementary beams considered, and the 
percentage of steel required both at the corners and vertically in the wall may 
às a first approximation be assumed equal. It will not be necessary therefore to 
depart from the above formule, as in equating y and A the constants mentioned 
will cancel out. 

This has been done, substituting values for x = o-15, 0-2h, and the curves 
I, 2 and 3 plotted showing the variation of the deflection y, the effective length /, 
and the restraint moment M ,, all for the case of a wall fixed at the base and hinged 
at the top. 

At first sight it might have been assumed that the maximum value of M, 
would occur at the level of the maximum deflection, i.e. at a depth of 0-447h, but 
on reference to the curves it will be seen that the maximum value occurs somewhat 


hs . 
lower, being at about the depth 0:574, when М, EA nearly. This is a moment 


less than the maximum negative moment due to fixation at the base of the wall, 
but greater than the maximum positive moment occurring about halfway up the 
wall. 


If the wall be considered hinged at the base and at the top, the maximum 
h3 
value of M, will be about T or approximately the same as the maximum 


positive moment in the wall where simply spanning vertically. From these con- 
clusions we see that practically the same percentage of steel will be required at the 
corners as in the wall itself, and that the equations for the deflections will be in 
the ratio we have assumed. 

In addition to the bending stresses there will also be stresses of direct tension 
due to the tendency for the walls to burst away at the corners. The measure of 
these tensile stresses will be, at any depth, the total load on the horizontal ele- 
mentary beam at that depth - or referring again to Fig. 3 the direct tension on 
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2 
a strip of wall r2 in. wide will be = At any depth = x, Al = w.x; 


hence this direct tension at a depth x is given by 
w.x.t 


2 
By inspection of curve 2 this will be a maximum when x =0-7й (арргох.) and 
Ë таг) = 022wh* 

Sufficient steel should therefore be provided, in addition to that required for 
bending, to take half of this tension, the other half being taken by the concrete 
by reducing its compressive stress due to bending. 

It is possible, due to the tendency for the wall slab near the ends of the tank 
to span diagonally from the bottom of the tank to the end wall, that the actual 
restraint moments will be less than as found here. It is difficult, if not impossible, 
to say, however, to what extent this action will help, and it would be on the side 
of safety to neglect this effect. 

It will be seen from the values of / in terms of л found above that this analysis 
cannot apply to cases where the length of the sides of the tank are not at least 
equal to twice the height. In cases where the length is less than twice the height 
the wall must be considered as a slab supported on four sides. 
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Flat-Slab Construction at a Factory at Wembley. (See р. 189.) 
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FLAT-SLAB FACTORY. 
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PRE-CAST CONCRETE RESERVOIR COVERING. 


Pre-Cast Concrete Reservoir Covering. 


THE covered service reservoir described 
and illustrated in the present article was 
constructed for the Birmingham Cor- 
рогапоп Water Department at Erding- 
ton, under the direction of Mr. F. W. 
Macaulay, M.Inst. C.E., the engineer, on 
à site on high ground about four miles from 
the centre of the city. 

Fig. 1 is a view of the reservoir before 
the construction of the covering, but all 
round the margin may be seen stacks of 
pre-cast columns, beams and slabs, seas- 
oned in readiness for rapid execution of 
the covering works. 

The reservoir basin is oval in plan, 
measuring 400 ft. on the major axis by 
390 ft. on the minor axis. It provides for 
a 20-ft. depth of water and measures 24 ft. 
їгот foundation level to the top of the 
roof. The walls curve inwards, finally 
merging imperceptibly with the floor of 
the reservoir, the latter having a fall of 
ї in 200 towards a central drainage 
channel. The walls are of mass concrete, 
having a maximum thickness of nearly 

6ft., tapering to 2 ft. 3 in. at the top, and 
are backed up all round by a substan- 
tal earthen embankment. They are 
faced with blue Staffordshire bricks, set 
in 1:1} cement mortar, a waterproof 
ling of asphalt, } in. thick, being laid 
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between the brickwork and the concrete. 
The floor is of concrete, 12 in. thick, 
also covered with a jin. layer of 
asphalt. 

The covering consists of pre-cast slabs 
and beams, supported by pre-cast columns 
fitted and grouted into extended rein- 


forced concrete footings moulded ¿z situ 


on the floor of the reservoir. Fig. 2 
shows some of the pre-cast members 
stacked in readiness for use in the 
reservoir, and Fig. 3 illustrates the 
slinging of a pre-cast column. 

The footings on the floor are spaced 13 
ft. apart longitudinally and transversely, 
but those along the foot of the oval 
boundary wall are at considerably shorter 
and varying distances from the footing on 
the floor proper. The footings are 4 ft. 
square in plan and each was moulded with 
a socket for receiving a rectangular spigot 
at the foot of the column to be afterwards 
erected and grouted in place. In order 
to provide for all the columns to be cast 
of uniform length, the extended footings 
were brought up to the predetermined 
level by increasing the thickness of the 
concrete to compensate for the progres- 
sive fall of the floor to the centre. Fig. 4 
is reproduced from a photograph taken 
after completion of the footings and when 
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Fig. 2—Some of the Pre-Cast Members. 
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Fig. 3.—Slinging a Pre-Cast Column. 
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Fig. 4.—Footings and some of the Columns in Position. 
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the erection of the columns had just been 
commenced. 

The pre-cast reinforced concrete col- 
umns are I2 in. square, each having an 
extended base designed to provide an 
ample bearing on the footing, and also 
having an extended head for the support 
ofthe beams. The longitudinal reinforc- 
ing bars of the columns were left project- 
ing about 15 in. above the concrete, in 
order that the projecting hooked ends of 
the main reinforcing bars of the beams 
might be looped over them and so form a 
series of strong mechanical links between 
the two classes of structural members. 
During the erection of the columns one 
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PRE-CAST CONCRETE RESERVOIR COVERING. 


the columns is 13 ft. from centre to centre, 
there was a distance of 12 in. between the 
ends of adjacent beams to provide for the 
linking of the reinforcing bars, the inter- 
vening space being afterwards filled in 
with concrete. The beams are 16 in. deep 
by 16 in. wide at the top, shaped off to 
8 in. wide at the bottom so as to form an 
approximately T-shaped cross section. 
Fig. 5 shows a considerable number of the 
columns and beams in place, before the 
addition of the roofing slabs. 

Upon the beams are carried slabs of 
trough section, pre-cast in widths of 24 in. 
and with a length a few inches less than 
that of the beam spacing. The slabs are 
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Fig. 5. Columns and Beams in Position. Ready for Roofing Slabs. 


c 4 these members fell before it had been 
g routed up, with the result that all the 
o thers in the same row were knocked 
d own very much like “ nine-pins." Оп 
e xamunation, however, the concrete was 
found to be only slightly cracked in one 
column only. The damaged material was 
cut out and made good with rapid-hard- 
ening Portland cement concrete, and 
after seven days the columns were re- 
erected and found to be perfectly sound. 
пиїогш 1 
with the exception of the ы 
connecting the marginal with the adja- 
cent interior columns, Аз the spacing of 


3 in. thick, each having two 6-in. pro- 
jecting ribs, which form the trough 
shaped section, and the edges above the 
ribs are chamfered off to a depth of 7 in. 
When assembled, the slabs are placed 
with the trough inverted so that the 
projecting ribs come together and form a 
series of beams below the slabs, while the 
chamfered edges of contiguous slabs form 
a series of V-shaped grooves, the latter 
being filled in with concrete. The spaces 
between the ends oí the slabs are similarly 
filled with concrete, making a monolithic 
connection between all elements of the 
roof covering. This simple method of 
slab construction resulted in a great 
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saving of time and labour, as it entirely 
obviated the necessity for moulding and 
erecting separate beams or ribs for 
stiffening the slabs. Equal saving was 
effected by the methods adopted in the 
design and construction of the columns 
and main beams. 

The reservoir is provided with numer- 
ous ventilation chambers, access man- 
holes, and the necessary inlets, outlets 
and provision for wash-out and overflow 
pipes. The roofing, calculated for a super 


load of т cwt. per sq. ft., is covered to а 
depth of 12 in. with earth as a protection 
against temperature variations. 

The whole of the work was carried out 
within twelve months to the designs and 
under the superintendence of Mr. F. W. 
Macaulay, M.Inst.C.E., the City Water- 
works Engineer, by  Messrs. Wilson 
Lovatt & Sons, Ltd., of Wolverhampton. 
Details of the reinforced concrete con- 
struction were prepared by Messrs. L. G. 
Mouchel & Partners, Ltd., of Westminster. 


Hydraulic Cement with Refractory Properties. 


ENGINEERS engaged in the construction 
of the various classes of industrial plant 
which require the use of refractory 
materials or linings will be interested 
in the discovery of a cement which is 
stated to be able to withstand high 
temperatures when used as a jointing 
material for refractories or as a con- 
stituent of a refractory concrete. 

Researches organised by M. P. Kestner 
have resulted in the marketing of a 
cement for which remarkable properties 
are claimed. An account of these re- 
searches has appeared recently in Chimie 
et Industrie, from which the following 
notes have been compiled. 

The object of the research work was 
to discover a cement which would (1) 
set when cold, with the addition of 
water, and not contract while setting ; 
(2) kecp its strength at high temper- 
atures ; (3) not show cracks or dangerous 
amounts of expansion after heating ; 
(4) withstand very high temperatures 
without melting. 

In carrying out the experiments, 
three cements, Portland, magnesian, and 
aluminous, wcre tried in turn with various 
admixed materials. The two former 
were ultimately abandoned as not being 
likely to give favourable results. Ву 
mixing one part of aluminous cement 
with two parts of bauxite calcined in a 
vertical kiln and then ground, a cement 


was obtained which was capable of re- 
sisting high temperatures. The bauxite 
contained less than 12 per cent. of 
Fe,0;. The resulting cement is slow 
setting and quick hardening. The 
strength at three days is 2,030 lb. per 
square inch in compression and зоо lb. 
per square inch in tension. 

A refractory concrete may be obtained 
by using as aggregate old refractory 
bricks, etc., broken to a suitable size 
and unscreened. Washing the broken 
material is desirable in order to remove 
the very fine dust. This washing process 
is beneficial from the point of view of 
preventing the dry aggregate from soak- 
ing up the water used in gauging the 
cement. 

Both the cement and the concrete 
have a very small contraction, about 
I per cent. at 1350 deg. C., and even 
less in some cases. Small concrete 
specimens carried quickly from a tem- 
perature of 1380 deg. C. to a room whose 
temperature was 20 deg. C. did not 
exhibit any cracks due to the cooling 
process. 

Some graphs accompanying the article 
show the strength of concrete, made with 
this cement, in compression after heating 
to high temperatures. For temperatures 
between 1000 deg. C. and 1300 deg. С. 
the strengths average about 480 lbs. per 
square inch.—W. S. G. 
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REINFORCED CONCRETE IN INDIA. 


Reinforced Concrete in India. 
FUSE FACTORY AT KIRKEE, 
By R. P. MEARS, M.Inst.C.E. 


A LARGE Government Ammunition Fac- 
tory has existed for many years at Kirkee 
near Poona. During the war it was 
greatly enlarged, and most of the build- 
ings then added were constructed in 
reinforced concrete. 

In order to manufacture up-to-date 
fuses it has been found necessary further 
to add to the enlarged factory, and the 
building shown in the accompanying 
photographs was decided on. 

Work was commenced in October, 1924, 
and the whole building with the plant for 
controlling its atmospheric conditions has 
recently been completed. The buildings 
are of reinforced concrete throughout, and 


tion of hollow floors of considerable span, 
but is covered on the top with a further 
layer of hollow blocks of 4 in. thickness. 
These are brought to an even surface in 
mortar, and then the whole is covered 
with Messrs. G. M. Callender & Co.’s ‘‘Veri- 
best ’’ roofing felt bedded and covered in 
bituminous mastic applied hot. The sur- 
face is sanded. 

The walls to those portions of the 
buildings which are to be “ air condi- 
tioned ” are constructed hollow. This 
results in a very cool factory as shown by 
the following figures of temperature 
readings taken on a hot afternoon in 
April. The shade temperature in a 


Reinforced Concrete Fuse Factory at Kirkee. 


were designed and constructed by Messrs. 
J. С. Gammon, Ltd., of Bombay, to the 
general requirements of the Director of 
Ordnance Factories in India, and were 
erected under the supervision of the 
Commanding Royal Engineer, Poona, 
and the Garrison Engineer of Kirkee. 
This large factory: covers an area of 
Over 50,000 square feet and is lighted with 
raorth light roofs consisting of reinforced 
© oncrete trusses of 20 ft. span built im situ 
carrying a reinforced concrete slab of 
Varying spans averaging about 15 feet. 
‘his slab is for the greater part то in. 
thick, reinforced with j-in. bars at r4-in. 
centres. For the sake of coolness and 
obtaining an even temperature, this 10- 
imma. slab is not only made with hollow 
cc—_ncrete blocks placed below the neutral 
ayers and between the reinforcement in the 
ussval manner employed in the construc- 


D 


building near by under an ordinary roof 
was 97 deg. F.; simultaneous readings 
inside the factory varied between 801 
deg. F. and 861 deg. F. These readings 
were taken before the special plant 
for controlling the internal temperature 
and humidity had been brought into 
use. 

The site of this building is about 70 
miles from the West Coast of India and is 
at a height of nearly 2,000 ft.; this 
accounts for the comparatively low 
temperature figures taken at the com- 
mencement of the hot season. 

The accompanying sections show the 
features of the design, consisting of double 
hollow walls, double hollow block roofs, 
and, in some cases, of suspended ceilings 
in reinforced concrete. 

The hollow blocks were mostly made of 
concrete in wooden moulds close by, and 
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Reinforced С ‘te Fuse Factory at Kirkee : 


then thoroughly immersed i. say tanks 
specially constructed, as withóut such 
precautions all pre-cast blockwork per- 
ishes rapidly while green under the influ- 
ence of the sun and hot dry winds. 
Hollow bricks and hollow tiles are most 
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difficult to procure in this part of India, 
as they are mainly manufactured in the 
extreme south and cost much in both 
initial cost and freight. Further, it takes 
many months to get them manufactured 
and delivered. 


Contraction and Expansion of Concrete. 


WE regret some decimal points were 
displaced in the note under the above 
title in our last number. 
read as follows : 


“А microscopic examination of con- 
crete under contraction reveals cracks 
about o-or mm. in width followed by 
cracks of a magnitude of about o-04 mm. 
which are visible to the naked eye. 

“ An ordinary 1 to 5 concrete, with a 
strength of 2500 lbs. per sq. in. at 28 
days, shows the microscopic cracks with 
‘Ol per cent. expansion. Cracks visible 
to the naked eye appear in plain concrete 
when the expansion is -014 per cent., 
and in reinforced concrete at the higher 


The note should 


value of -o18 per cent. Recent experi- 
ments, described in ‘Zement,’ prove 
that the cracks appear at a much earlier 
stage than was formerly suspected. The 
question of how to prevent cracks due to 
hardening is of great importance in the 
construction of concrete roads, tanks, and 
long slabs. It has been found that the 
alternation of wet and dry weather is 
responsible for changes in length of the 
magnitude of about -03 to -04 per cent. 
It is essential to keep the concrete damp 
while the hardening process is taking 
place. Concrete maintained damp ex- 
hibited a contraction of only -008 per 
cent., compared with -032 per cent. for 
concrete which was allowed to dry." 
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Polishing Portland Cement Concrete. 


By J. SINGLETON-GREEN, M.Sc., A.M.I.Mech.E. 


ALTHOUGH it is not possible to get a 
genuine polish on concrete except by 
glazing, there are ways and means of 
obtaining a face which will vary in 
glossiness according to the methods 
adopted. 

The essential point to appreciate is 
that in attempting to polish Portland 
cement concrete, two distinct materials, 
namely, the aggregate and the cement, 
are being dealt with. The nature of the 
cement after it has set in concrete is 
such that it will not take a polish. It 
is possible, of course, to get a smooth, 
and even a shiny, mirror-like face, but 
this will not be comparable with the 
polish which can be given to a fine- 
grained stone. Further, any shiny effect 
produced on the surface of the cement 


to be seen. When cost is an important 
factor it should be remembered that 
large aggregate gives more trouble in 
rubbing down to a face. Half-inch 
aggregate is probably large enough. 
For a floor, a method often adopted 
is to sprinkle the aggregate on top of the 
wet bed of cement and well roll it in. 
A good method of obtaining a high 
proportion of aggregate at the suríace 
in pre-cast work is as follows: A coating 
of glue is applied to the face of the mould, 
and the aggregate is then placed on the 
glue in the position required. This 
system is adopted when certain patterns 
are desired or when a definite arrange- 
ment of fine and coarse aggregate is to 
be obtained, as if glue were not used 
there would be risk of displacement ci 


will generally only be temporary in 
character unless the specimen is put 
under a glass case—a few rubs with the 
finger will be sufficient to spoil its glossy 
appearance. 

1t will be clear, then, that the aggregate 
must be relied upon for polished effects. 
The first consideration is the nature of 
this material, for one which is fine in 
grain and hard is better than a coarse- 
grained soft material. On the choice of 
aggregate will depend the degree of polish 
attainable ; marble and granite are good 
in this respect. 

The second consideration is the pro- 
portion of aggregate to cement. From 
the polishing point of view a surface 
consisting entirely of aggregate would 
be best, and therefore the aim should be 
to get as much aggregate on the surface 
as possible. 

In cases where some approximation 
to a polish is necessary, the aggregate 
should be well graded with perhaps an 
excess of small particles (1 in. to $ in.), 
50 as to leave comparatively little cement 
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Fig. 1.—Types of Carborundum Rubbing Bricks. 


the pieces of aggregate when the concrete 
proper was placed and tamped in the 
mould. In certain classes of work, 
especially where the mould (or other 
medium upon which the facing material 
is thus temporarily mounted) is likely to 
be subjected to heat, or where it may be 
stored in a damp place, it is probable that 
shellac dissolved in naphtha will be pre- 
ferable to glue. One particular frm 
manufacturing mosaics uses thin shellac 
varnish. 

In floors, care must be taken that the 
surface is packed with aggregate, as 
indicated. It is left for about three days. 
and then the top film of cement and some 
slight thickness of the stone beneath 15 
scrubbed away with coarse emery stones 
until an even appearance of the aggregate 
is produced; parts which show a pre- 
ponderance of cement and little aggregate 
are gone over until the whole floor is 
even in appearance and level. 

The rubbing leaves the surface rough 
and scratched, and the cement parts show 
small gaps and pinholes. A coat ot 
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cement grout is washed over it, well 
rubbed in with emery stones, and then 
left to set. A day or two later it is gone 
over with fine-grained sandstone (ordinary 
blue York is about right). The rubbing 
15 done alternately in one direction and 
at right angles to that direction until a 
hne face free from scratches is produced. 

Floors are generally left at this, as this 
treatment makes them smooth enough 
for their purpose. 

Carborundum is now used extensively 
for surfacing concrete floors. Blocks of 
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of carborundum rubbing brick. The 
round and rectangular fluted bricks are 
used for removing marks left by form- 
work and for surfacing generally, and the 
special edge slip stone is used for smooth- 
ing out corners, coves, bases, and places 
which are difficult or impossible to reach 
with round or rectangular bricks. The 
flutes give a shear cutting action and 
allow a clearance for the material re- 
moved in the grinding process. 

If a high polish is desired the floor 
should be cleaned and dried thoroughly 


Fig. 2.—Carborundum Rubber for Floors. 


carborundum are made in a wide variety 
of shapes, sizes, and grits for both machine 
and hand work, and it is claimed that 
they cut so fast that a workman can cover 
more floor area in a given time, and pro- 
duce а more uniform finish with less 
effort, than When sand or natural stone 
is used. Fig. 3 shows a carborundum 
rubber to be used for mosaic and terrazzo 
floors. 

It is often desired to give a wall sur- 
face а polished or glossy appearance, and 
for this work a preliminary scrubbing 
down with a carborundum brick is to 
be recommended. Fig. т shows types 


and given a coat of size. It can then 
be polished with any good wax floor 
polish. 

A suitable floor surfacer is made by the 
'" Cavicchi," supplied by Messrs. Hall, 
Phillipson & Co., Ltd. The machine is 
simple in design and built to withstand 
rough usage. It is equipped with a 
2 h.p. interchangeable electric motor, and 
can be used in very small spaces. The 
capacity of this machine, which is operated 
by one man, is 500—800 super ft. of 
terrazzo floor per day, thus equalling the 
work of 8 or 10 men rubbing by hand. 

Other machines are supplicd by the 
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company for dealing with walls, stair 
treads, risers, patches, coves, etc. 

A polishing machine made on the 
Continent uses a petrol engine for motive 
power. This, of course, is an advantage 
when electric power may not be available, 
as, for instance, in an unfinished building. 

The degree to which an existing floor 
can be polished will depend on the nature 
and proportion of the aggregate. First, 
the floor is rubbed with a fairly coarse 
carborundum stone (say, No. 20) and 
water. During the rubbing a raste 
works up, and this is removed by washing. 


Next, all voids are filled with a mortar 
(about 2:1) made with cement and 
aggregate of the kind used in making the 
floor. A carborundum brick is used to 
work this mortar into the surface. When 
the surface is smooth and regular it is 
left to harden for about five days. The 
rubbing is then repeated, using plenty 
of water and a finer carborundum brick 
(say, No. зо or 36). The paste which is 
formed should be removed as before. 


Terrazzo Finish. 


The following specifications are from 
a report of the Joint Committee on 
Standard Specifications for Concrete and 
Reinforced Concrete, U.S.A., 1924. 
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Fig. 3.—Wall Polishing Machine. 


(CONCEETH 


Method 1.—Terrazzo finish shall be 
made by mixing 1 part of cement, 2} 
parts of crushed marble, or other stone 
or crushed pebbles as may be suitable, 
and sufficient water to produce a dense 
concrete. This concrete shall be spread 
on the base course and worked down to 
a thickness of I in. by patting or rolling 
and trowelling. The marble shall all 
pass a 1-1. screen and be free from dust. 
The surface shall be kept wet for not less 
than ten days, and after curing shall be 
rubbed to a plain surface with a stone 
or surfacing machine. 


Method 2.—Terrazzo finish shall be 
made by mixing I part of cement, 2 parts 
of sand, and sufficient water to produce 
a plastic mortar, which shall be spread on 
the base course to a depth of 1 in. 
Crushed marble, free from dust and 
passing a }-in. screen, shall be sprinkled 
over the surface of the fresh mortar and 
pressed or rolled in. The surface shall 
be kept wet for not less than ten days, 
and after curing shall be rubbed to a 
plane surface with a stone or surfacing 
machine. 

These specifications are taken from 4 
report of American practice. 

The 1-in. thickness seems a trifle ex- 
cessive; Ë in. is fairly usual in this 
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country, and this may be increased to 
3 in. if there is to be a mosaic border in 
conjunction with the terrazzo. 

For vertical work it would be ex- 
tremely difficult to get a 1-in. thickness 
to hold up, and the practice in such a 
case is to make а j-in. or і-іп. thickness 
using a fine aggregate. In this connec- 
tion it may be mentioned that sometimes 
an impression of ‘“‘ bigness ” is created 
by the use of fragments of mother-of- 
pearl in the surface. 

‚ The American specifications state that 

the surface shall be kept wet for not 
less than ten days." This seems some- 
what drastic, although it may produce 
a stronger floor than if curing were 
Stopped, say, at the end of three days, 
as suggested earlier in the article. But 
in most cases it is a question of money, 
and if the floor is left for ten days the 
labour of rubbing will be so great that 
the job will, in many instances, not be a 
commercial proposition. The value of 
curing 13, of course, appreciated. 

| With regard to the use of sand, men- 
tioned in the second specification, it is 
thought that this material would have 
a colour and a hardness of its own, and 
it would perhaps be an improvement to 
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Fig. 4.— Floor Polishing Machine, 


substitute the finest grade of marble 
chippings ($ in. down to 4 in.). 

The writer wishes to express his thanks 
to Mr. R. T. Cooke, chief engineer of 
Messrs. Constone, Ltd., Leicester, for help 
in preparation of this article, and also 
to the Carborundum Co., Ltd., for the 
loan of Figs. 1 and 2, and to Messrs. Hall, 
Phillipson & Co., Ltd., for Figs 3 and 4. 


Concrete Products Association. 


AT an enthusiastic gathering of over a 
hundred of the leading manufacturers of 
Cast stone and pre-cast concrete, held in 
ndon on March I, it was unanimously 
agreed to form a Concrete Products 
lation in thiscountry. The meeting 
followed a luncheon at the Hotel Victoria 
arranged by the British Portland Cement 
‘lation, who originated the idea of 
forming the new body and have carried 
out the preliminary work leading up to 
meeting of inauguration. 
€ primary objects of the new body 
are the promotion of sales by co-operative 
Propaganda and advertising and the 
Improvement of concrete products gener- 
ally. It was generally realised by those 
Present that the industry was consider- 
ably harmed by the inferior concrete 
80048 occasionally sold by some of the 
smaller firms who did not specialise in 
this class of work. There were manu- 
facturers, it was stated, who lacked the 
necessary experience to produce first- 
Class concrete and made inferior goods, 


generally as a side-line to another busi- 
ness. It was the products of such firms 
that got concrete discredited, as it was 
difficult to induce people to continue to 
use concrete after they had had unhappy 
experiences with poor quality products. 
It is proposed by educational work and 
the interchange of ideas to raise the stan- 
dard of concrete products by instructing 
the smaller manufacturer how to improve 
his quality. It was generally considered 
that there would be no danger of loss of 
business to firms already producing high 
quality concrete if something were done 
on these lines, as the general increase in 
the use of concrete goods that would come 
about if the public were assured of getting 
the best would more than counterbalance 
this and result in more business all round. 

A Committee is being formed to draft 
a set of rules, and all interested are re- 
quested to get in touch with the Secretary 
of the B.P.C.A., 20 Dartmouth Street, 
Westminster, S.W.r. 
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Reinforced Concrete Garage. 
60 FT. SPAN ARCH. 


AN excellent example of the use and 
adaptability of reinforced concrete for 
industrial buildings, and the advantages 
it offers over other building materials 
for many purposes, is to be found in the 
garage built for the Hackney Borough 
Council in order to accommodate a fleet 
of electric dust-collector vans and to 
provide a repair workshop and motor 
generator room, Mr. Scorgie, the Bor- 
ough Engineer of Hackney, decided in 
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possible by the introduction of a light 
tie which absorbs the thrust, and elimin- 
ates bending in the columns due to 
thrust action. The tie is treated so that 
it gives one the impression of being a 
part of the arch on account of the vertical 
hangers which connect the tie with the 
rib. 

It is of interest to note that in order 
to facilitate and cheapen the centering, 
the ribs have been made polygonal 
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Reinforced Concrete Garage at Hackney: Interior View. 


favour of a reinforced concrete building 
throughout, and this was erected from 
plans and specifications prepared by 
Mr. Alfred S. Grunspan, B.Sc., M.Inst. 
C.E., of Abbey House, Westminster. 

This building is of special interest 
because of its roof, which consists of a 
series of arched ribs spanning 60 feet 
in the clear. The ribs are spaced at 
I5 ft. centres, and are 21 in. by 9 in. 
at the crown and 30 in. by 9 in. at the 
springing. 

The columns supporting the arches 
are only ro in. by то in. ; this was made 
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instead of curvilinear; the effect may 
be seen from the photograph. 

The arches carry reinforced concrete 
purlins formed in such a way as to 
accommodate glazing bars (covering 40 
per cent. of the roof area) and a rein- 
forced concrete slab 3} in. thick covering 
the remaining 60 per cent. of the roof 
area. 

The enclosing walls are 4 in. thick, 
and the sills were cast in one operation 
with the walls; metal forms were used. 

Every member of the building is in 
reinforced concrete. The 5-in. floor is 
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| Reinforced Concrete Garage at Hackney. 


reinforced, the engineer contending that An interesting fact is that tenders for 
a garage floor is subjected to an upward the garage with a flat roof with columns 
pressure anywhere along the floor be- at 20 ft. centres by 20 ft. cross centres 
tween wheels of vehicles, and for this showed a difference in price of about 
reason recommends that such floors £300 in favour of the arches. 
should be reinforced both at the top and The total quantity of concrete used 
at the bottom of the slab. was 555 cu. yds. and the total quantity 
The ratio of rise to span of arch is of mild steel round rods amounted to 
one-fifth, which gives the building a 21 tons—very economical figures for a 
lofty appearance, the headroom at the building of this size. 
Crown being 22 ft. 6 in. and at the spring- Detail drawings are given on pp. 202- 
106 IO ft. 6 in. 203 and pp. 218-219. 
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A London Mosque. 


THE Ahmadiyyah Mosque is the first 
mosque to be built in London, and was 
recently completed at Wimbledon. The 
principal factors to be considered by 
the architects, Messrs. Thomas Mawson 
& Sons, were: The design of the building, 
which should for the time being be a 
complete unit, and yet permit of ex- 
tensions on three sides at a future date ; 
to observe as far as possible the tradi- 
tional style of building in use for mosques 
in the East, without striking an exotic 
note in the London suburb in which it 
was to be erected; while still retaining 
the traditional style, to adapt the building 
to the climatic conditions of London and 
western methods of construction; to 
secure a true orientation towards Mecca, 
which is the reason for the rather curious 
angle at which the building is set on the 
site. This question of orientation was 
of the utmost importance, and to ensure 
its correctness the instruments were 
specially tested. 

The present building is approximately 
one-quarter of the structure which it is 
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intended to erect at a later date, and 
when complete will accommodate nearly 
1,000 worshippers. The dome and the 
piers, which are indicated externally, 
form part of the permanent structure, 
but the panels between the piers will be 
removed when the building is extended 
and the piers will remain as columns to 
support the roof. 

The main structure is a steel frame 
with curtain walls between the stanchions. 
The parapet and dome are in concrete 
cast in situ, the thickness of concrete 
for the dome being only 24 in., the con- 
struction having been carried out without 
the use of any timber shuttering whatever 
by employing curved “ Self-Sentering " 
mesh reinforcement. The minarets are 
also of skeleton steel frame construction, 
which is bolted to the concrete parapet 
and then wrapped with '' Double Mesh 
Herringbone'"' reinforcement to form a base 
for the “ Atlas White" cement plaster 
finish, which harmonises with the rest of 
thescheme. Theinternal floors and ceilings 
were carried out by using similar methods. 


A London Mosque. 


206 


TESTS ON 300-ЕТ. CONCRETE CHIMNEY. 


Tests on 300-ft. Concrete Chimney. 


IN " Concrete and Constructional Engin- 
eering " for October last we gave parti- 
culars of a 300-ft. concrete chimney in 
course of construction at Duluth, U.S.A., 
in which apparatus was installed for 
carrying out tests on temperature varia- 
tion due to hot gases, stresses due to 
wind pressure, wind velocities, and deflec- 
tion of the chimney due to heat and wind 
pressure. 

The chimney was first used in January, 
1926, and the tests to date are described 
in a paper by Mr. Earle D. McKay read 
at the annual convention of the American 
Concrete Institute last month. The fol- 
lowing abstract is from the copyright 
proceedings of the Institute. 

The chimney was designed to serve five 
rotary clinker cement kilns, inlets for the 
gas being placed at two elevations in the 
chimney shell at right angles to each 
other. It is estimated that at full opera- 
tion approximately 500,000 cu. ft. of gas 
per minute is introduced into the chimney. 
The temperature in the burning zone of 
the kilns is approximately 2,800 deg. F.; 
the gas first passes through a dust-collect- 
Ing and cooling system, entering the 
chimney at approximately 500 deg. F. 


The sample of the gas was analysed as 
follows : 


Per cent. 
CO, (carbon dioxide) 22:2 
O (oxygen). . . . 35 
CO (carbon monoxide). o 
N (nitrogen) 76:3 
IOO-O 


Temperature. 


In obtaining the temperature gradient 
through the chimney shell 30 thermo- 
couples, located at five different eleva- 
tions were used, and wired to permit the 
taking of readings with a potentiometer 
housed at the base of the chimney. 
These elevations, with reference to the 
structural details of the chimney, are as 
follows : (A) Just below the lower breech- 
ing; (B) Just below the upper breech- 
Ing; (C) Just below the top of the lining ; 
(D) Just above the top of the lining; 
(E) Near the top of the chimney. The 
Position of these thermocouples with 
reference to the chimney shell as well as 


to the ground elevati i i 
ОЛ сээр ation is shown in 


The method of placing the thermo- 
couples was to insert the '' hot junction ”’ 
through a brass sleeve in the concrete until 
it came in contact with the latter. The 
next step was to pack the tube with 
asbestos and seal it. Before readings 
were started the potentiometer was cali- 
brated to read directly in degrees Fahren- 
heit. 

Temperature readings were begun on 
January 2r, 1926, 28 hours before the gas 
was turned into the chimney, and were 
continued hourly for roo hours. The 
time required for taking a complete set 
of readings was approximately 5 minutes. 
During this first test period the lower 
breeching was still open, admitting cold 
air into the chimney. Occasional read- 
ings were taken from that time until the 
middle of March, when work was begun 
closing the lower breeching. At this 
point more frequent readings were taken. 
Several sets of readings were taken during 
the early summer months. Observations 
were resumed in the autumn when tem- 
perature conditions were fairly stabilised. 
А special series of readings was taken on 
December 24 to 27, 1926, to observe the 
change in conditions caused by a shut 
down of the mill. The results obtained 
show the drop in temperature after heat 
is turned off and a building up again 
upon resumption of operations. 

It was found that the temperature of 
the concrete and the temperature of the 
air follow each other closely during the 
period preceding the admission of the gas 
into the chimney. The temperature of 
the concrete follows in general the tem- 
perature of the outside air, but the tem- 
perature on the inside of the chimney does 
not increase as rapidly. 

Upon admission of the gas the tem- 
peratures in the stream rise suddenly 35 
deg. Sudden rises in temperature of the 
gas for short periods of an hour or so 
produced no apparent increase in the 
concrete temperature, but for long periods 
the high temperatures produced some 
effect. 

During March there was a rise in the 
temperature of the gas within the chim- 
ney, due partly to the closing of the 
south upper breeching and the lower 
breeching. There is a continued general 
rise, however, beyond this point which 15 
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Fig. 1.—Detail of Chimney, Showing Position of Thermocouples. 
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apparently due to change in the operating 
conditions, since the outside air shows a 
general level throughout this period. 
Here the effect of the increase in tempera- 
ture of the gas is to produce a warming 
up of the chimney. A final increase of 
бо deg. from March 19 to April 4 pro- 
duced an increase of about 40 deg. in the 
centre of the concrete, outside air tem- 
peratures on both dates being the same. 

The results obtained during the months 
of October, November and December 
show, among other things, the remark- 
able temperature conditions produced by 
a shut-down of the mill. On October 7 
the temperature at the centre of the gas 
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stream was 366 deg., the corresponding 
temperature of the concrete on the inside 
of the shell was 150 deg., the temperature 
of the outside air was 50 deg. One day 
later the temperature of the gas was 
349 deg., the concrete 140 deg., and the 
air 56 deg. The temperature of the gas 
I in. from the face of the concrete was 
54 deg. above the temperature of the 
concrete at the centre of the shell, and 
I55 deg. less than the temperature in 
the centre of the stream. Thus at this 
point a difference in temperature of 210 
deg. between the centre of the gas stream 
and the centre of the concrete existed. 
The difference is here more pronounced 


TABLE I. 
TEMPERATURE READINGS FROM OCTOBER 7 TO NOVEMBER 24, 1926. 


Oet. | Oct. в Nov. 23, 1926 Нэг 

, 1926 1926 Average 
couple | 1926 all 

3:35 |11:30| 3:00 | 9:45 4:15 | 9:30 |10:00|12:00| 1:30 | 4:15 | 9:00 

P.M.| A.M.| P.M.| A.M. .M.| Р.М.| А.М.ГА.М. | Noon| P.M.| P.M.| А.М. 

о| eo | 63| 35 40| 28| 28| 30| 31 

70| 75| 76| 42 45| 37| 40| 38| 40 

8 | 85| 88| 72 81| 78| 76| 77| 77 

50| 54| 55 | 35 39 | 25| 27| 251 30 

8 | 85| 841 51 58 | 46| 48| 50| 45 

9| 91| 99! 43 46 | 50| 51| 46| 48 

117 | 115 | 117 | 68 77| 70| 73| 66| 62 

128 | 126 | 130 | 132 88 | 55 | 57| 50| 53 

147 | 144 | 150 | 145 100 | 100 | 102 | 95| 95 

151 | 248 | 237 | 188 182 | 183 | 185 | 175 | 177 

281 | 273 | 273 | 218 220 | 202 | 202 | 104 | 198 

50 | 56| 56| 35 41| 26| 28| 25| 30 

85] 84| 8| 60 67| 51| 52| 49| 53 

92 | 91| 92| 66 73 | 61| 60| 56| 61 

138 | 128 | 128 | 98 103 | 95 | 95| 88| 93 

162 | 153 | 154 | 118 123 | 116 | 118 | 108 | 115 

252 | 242 | 242 | 217 212 | 207 | 208 | 197 | 202 

276 | 267 | 267 | 252 250 | 233 | 233 | 228 | 258 

49| 56| 57| 35 40| 27| 28| 25| 31 

106 | 14 | 04 | 92 95| 77| 77| 68| 75 

150 | 140 | 41 | 135 133 | 122 | 122 | 110 | 113 

91 97| 99| 83 85| 67| 68| 63| 63 

208 | 194 | 195 | 197 195 | 170 | 170 | 160 | 161 

215 | 217 | 220 | 168 250 | 250 | 250 | 270 | 270 

366 | 349 | 343 | 378 333 | 295 | 293 | 305 | 305 

43| 48| 50| 27 33| 23| 25| 22| 26 

102 | 102 | 105 | 88 90 | 74| 73| 68| 68 

134 | 129 | 132 | 127 117 | 102 | 101 | 871 90 

155 | 142 | 145 | 133 130 | 120 | 120 | 105 | 107 

167 | 155 | 159 | 192 145 | 124 | 123 | 110 | 112 

emp | 63* | 67° | 67* | 15° 15° | 23° | 23* | 23° | 23° 

zc pee pm Bodl Eod Roo Saa Kal Би ан Бей 
Temp | 68* | 70° | 70* | 65° 65° | 30° | 30° | 30° | 30° 

25 

mi | 30 mi 10 mi. N.E. Wind 10 mi. N.E Wind 

НЕ, М.Е. Wind ё 

l Cloud lear 

Cl'dy| Cloudy T 

* Mill closed 
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TABLE II. 
TEMPERATURE DIFFERENCES IN CHIMNEY SHELL. 


Grand Average 


Total 


T ture| Difference | Tem 
i Difference. per in. iflerence 


Maximum 


Total š To 
ture| Difference Tem 


per in. erence | pein 
5⁄6.. ......... 2 4.8 2.4 15 7.5 0 0 
87-12 4 20.0 5.0 31 7.7 12 30 
E ыы 2 21.9 11.0 64 32.0 5 2:8 
13-M........... 214 11 31 13 5.2 6 2.4 
6 214 32 7 13.1 46 18.4 20 8.0 
0-21........... 2 39.8 19.9 45 22.5 32 16.0 
2)1-2..... 2 48.0 24 .0 59 29.5 32 16.0 
r 1 27.1 27.1 39 39.0 19 19.0 
38-29........... 1 13.7 13.7 21 21.0 2 2.0 
2-3............ 18 30.9 1.6 41 2.2 10 0.5 
&8........ a eX 32.1 4.0 81 10.1 0 0 
12-15.. 22. 5 4.5 8 8 10.6 33 6.6 
21-99........... 2 41.0 20.5 53 26.5 27 13.5 
Нм ا‎ SS a 


than at the higher elevations, and the 
reason may be partially due to the effect 
of the jog on the inner surface at the top 
of the lining, which causes a deflection 
of the gas stream, and partially due to 
the cold air drawn up through the space 
between the lining and the shell through 
the vents at the base of the lining. 

Before the mill was shut down on 
December 24 the temperature of the gas 
stream was 288 deg., and after this the 
temperature began to drop rapidly. It 
continued to fall off for 2 hours, and at 
10 hours was still showing a gradual 
decline. Even at 24 hours the tempera- 
ture of the gas was still considerably above 
that of the outside air, but one day later 
all the readings were practically the same. 
The maximum drop of temperature of the 
concrete was 150 deg. and the minimum 
about 40 deg., which would cause a con- 
dition of strain in the shell. The stress 
In the concrete due to an internal adjust- 
ment caused by a difference in tempera- 
ture of тоо deg., using an average соећ- 
cient of expansion of :000006 at a tem- 
Perature of 70 deg. and a modulus of 
elasticity of 5,800,000, as determined 
trom the test cylinders, is much beyond 
the tensile strength of the concrete if no 
deflection or distortion is assumed. 

Upon resumption of mill operations a 
condition almost the reverse of that due 
to closing down is noted. 

Table I shows all temperature readings 
taken during October and November when 
conditions were fairly stable and the mill 


was operating under normal load. The 
averages of all readings are shown in the 
right-hand column. These results are 
illustrated graphically in Fig. 2. The 
averages have been plotted on chimney 
sections at the various levels and the 
points connected by straight lines. In 
Fig. 3 the same averages have been 
plotted at the various levels for the height 
of the chimney. The points occupying 
the same position relative to the chimney 
shell have been connected by straight 
lines. 

Table II is the summary of temperature 
differences in the concrete of the chimney 
shell made up from the same readings 
contained in Table I. 

It will be seen from these curves that 
the temperature through the lining and 
wall varies approximately as a straight 
line. The average drop in temperature 
measured for the 6-in. thickness at the 
“Е ” level is 20:5 deg. per inch of width, 
while the maximum is 26:5 deg. It will 
be noted that this point is above the 
lining. At“ С” level, which is below the 
top of the lining, the average drop in 
temperature was 8-1 deg. per inch of width 
and the maximum 10-6 deg. 


Strain Gauge Readings. 


In a study of the stresses from strain 
gauge readings on an exposed concrete 
structure, a number of factors affecting 
the deformations must be given considera- 
tion, such as temperature, radiant heat, 
moisture, live and dead load, plastic flow 
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and shrinkage. Measurements taken on 
the chimney to date have been made to 
determine the character and amount of 
stress in the steel due to these factors. 
These results will be of particular use in 
the study of the stresses due to wind 
load, which are to be obtained later with 
recording instruments. To date no re- 
cords of deformations due to wind have 
been obtained. The measured deforma- 
tions taken with the Berry strain gauge 
are shown in Fig. 4. These results repre- 
sent the actual deformations in the steel 


100 50 
Degrees Fahrenheit 
Fig. 3.—Temperature Readings on Vertical Line. 
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and concrete at the elevations indicated 
on the drawing. No corrections have 
been made for temperature or moisture, 
so that the curves represent the actual 
movements which have taken place in the 
gauge lines since the readings were started. 

А comparison of the movements of the 
vertical and the horizontal gauge lines is 
of particular interest because of the fact 
that temperature effects, moisture effects, 
etc., are alike for both readings. Any 
difference in the deformations measured 
must, therefore, be accounted for by load 


conditions. Shrinkage should be about 
the same in both directions. In the 
curves representing the actual move- 
ments that have taken place in the gas 
lines since the initial set of readings, two 
groups showed both longitudinal and 
vertical deformations. The difference 
between the horizontal and vertical move- 
ments represents the actual net deforma- 
tion due primarily to plastic flow of the 
concrete under load. The dead load on 
the chimney is the same at this time as 
at the time readings were started, with 
the exception of the effect produced by 
the weight of the intake flues. This load 
is comparatively very small. Some slight 
effect may also be due to the fact that 
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there is a difference in the horizontal and 
vertical reinforcement which would resist 
the action of shrinkage. This movement 
is relatively quite small and indicates 
that the plastic flow under dead load is 
very slight. This may be partially 
accounted for by the high elastic proper- 
ties of the concrete as indicated by the 
cylinder tests, since values of the modulus 
of elasticity varied from 5,600,000 to 
5,950,000 at the age of 1} years, and the 
curves are essentially straight lines up to 
one-half of the ultimate strength. Be- 
yond this point there is only a slight 
curvature. From a study of Fig. 4 it 
will be seen that there is a general 
similarity of the curves throughout. The 
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Fig. 4.—Deformation in Chimney. 
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rise and fall is probably due to seasonal 
changes in the atmosphere. There has 
been an expansion in most of the gauge 
lines from the initial reading in January, 
1926, and the present time, but the 
expansion is becoming less and the move- 
ment is now very nearly what it was a 
year ago. There has been a general 
shortening of all of the gauge lines during 
the months of October and November, 
and it seems probable from the shape of 
the curve that this shortening will con- 
tinue for some time. Better comparison 
can be made when readings are taken at 
temperatures and general atmospheric 
conditions corresponding to those exist- 
ing at the time of initial readings. Since 
these gauge lines are all located on the 
outside of the chimney, it will not be 
possible to make a direct comparison of 
the internal and external strains. We 


"АЛЖ NA Y тай! 
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may conclude, however, that there is 
some compression in the vertical steel 
due to shrinkage and plastic flow which 
must be considered when problems of 
design are taken up. 


Wind Velocity. 


Two independent studies of wind velo- 
cities were made. In the first a series of 
pressure pipes leading to manometer 
tubes were used, and in the second a 
Burton recording anemometer was em- 
ployed. Ranges in velocity from o to 60 
miles per hour were observed at various 
times. 

The pressures in the outrigger impact 
tubes were considerably less than was 
expected. The reason for this is not yet 
known, and further tests of the apparatus 
will be n before this condition 
can be explained. 


MAXIMUM PRESSURE AN POUNDS PER SQ FT 
(ву MANOMETER TUBES) 
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TABLE III. 


TABULATION OF WIND PRESSURE READINGS: REDUCED TO VERTICAL INCHES 
OF WATER. 


Dee. 15, | Dec. 15, | Doc. 15, | Oct. 7, | Dec. 14, | Oct. 8, | Dec. 14, | Cet. 8 


1926 1926 1926 1926 
No. of Tube 2:05 | 2:30 | 1:55 19.00 
P.M. P.M. P.M A.M. 
aa e yas АЯ RARUS NUES —.225 | —.173 | —.094 — .005 
ава AME Redde ж? —.979 | —.398 | —.268 — .034 
Кошны валка ORA —.515 | —.445 | —.293 —.021 
seua Cada a aqu awaqa pas —.559 | —.237 | —.118 — .013 
B. ivy acea: Rad d :...| —.040 | +.220 14% + .023 
M. cadi s ade nos Wok a адаг ал + .369 | +.449 .989 — .040 
Ч :36с844333Ж08 a beo ia + 621 100 4-.405 0 
554; желини SE 4.4 .091 | 4-.081 0 
Vaisala aT —.020 | —.358 | —.258 — .024 
taka EEE Saar —.568 | —.568 | —.376 0 
1 У АТОН --.746 | —.324 | —.186 +.010 
Er pe eres АЕ — .388 | —.238 | —.168 + 005 
Masse e FERREA nawa Г —.346 | —.228 | —.168 --.150 
+ TV ab wa E ea —.346 | —.216 | —.167 Тв 
28:54:42: Sus VN 44443444 —.305 | —.196 | —.137 0 
Mr awas кине еә arnad — .336 | —.246 | —.166 — .022 
Ыза және ны dou Pici ER —.315 | —.226 | —.145 — .010 
Anemometer Reading, miles 
БИШ: Loa едай жез 42 35 34 10 
Wind Pressures. the tube are flush with the face of the 


chimney and transmit the pressure in 
_ Wind pressures were read by means of separate 4-ш. pipes to the base where 
impact pressure tubes at 18 points the pressures are read. Glass tubes filled 
equidistant around the chimney at 190 ft. with coloured liquid are placed side by 
above ground level. The openings into side on a tilting table. The table is so 
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Fig. 6.—Distribution of Wind Stresses. 
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arranged that the angle the tubes make 
with the horizontal can be varied so as 
to give any multiplication of the readings 
desired. So far all readings have been 
taken with the manometer table inclined 
at a slope of 1 to 10, which multiplies 
the readings by то. The results of a 
group of the readings are shown in Table 
III. The maximum pressures obtained 
from these readings are plotted in Fig. 5. 
The curve represents the average maxi- 
mum pressure for velocities up to 42 miles 
per hour. Since these readings are taken 
with two different types of instruments, 
in which experimental errors may be 
additive, the points are somewhat at 
variance. The curves indicate, however, 
an increase in the positive and negative 
pressures as the wind velocity increases 
up to 40 miles per hour. Sufficient data 
have not been obtained beyond this velo- 
city to warrant extending the curves. 
Fig. 6 represents the distribution of 


pressures around the stack. It can be 
seen that the pressure is positive on 
three-fifths of the projected circumference 
on the windward side of the stack, and 
negative on the balance of this side. It 
is negative throughout on the leeward 
side. The maximum positive pressure 
occurs at the point directly into the wind 
and the maximum negative pressure 
occurs also on the windward side of ap- 
proximately 70 deg. around the stack on 
either side of the maximum positive 
pressure. 


Deflections. 


An attempt was made to measure the 
deflection of the chimney with the appara- 
tus proposed by the committee. It was 
found, however, that the vibration of the 
concrete base supporting the telescope, 
due to the operation of machinery in this 
vicinity, was so great as to make accurate 
observations impossible. 


International Congress for Testing Materials. 


AT a joint meeting of the Dutch and Swiss Associations for Testing Materials, held 
at Zurich last October, it was decided to organise an International Congress for 
Testing Materials, to be held at Amsterdam from September 12 to 17, 1927. This 
movement aims at the continuation of the work of the old International Association 
for Testing Materials, which was formally wound up in 1923. Мо new international 
association has been formed, but it is understood that representatives of certain 
countries may wish to discuss at the Amsterdam Congress the possibility of bringing 
a new International Testing Association into being. 

The Congress at Amsterdam is, we are informed, apparently receiving strong 
support by other countries, and is likely to be numerously attended by representatives 
from France, Germany, the United States, Belgium, Holland, Sweden, Denmark, 
and Switzerland. 1618 also likely that the United Kingdom will be represented by 
delegates from the principal laboratories and institutions interested in the testing 
of materials. Those wishing to attend the Congress should communicate with Mr. 
P. F. Van der Wallen, Otfice of International Testing Congress, Valckenierstraat 2, 
Amsterdam. | 
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Book Reviews. 


Marine Works. By Ernest Latham. 

223 pp. 86 illustrations. Price 165. nett. (Lon- 

don: Crosby, Lockwood & Son.) 

THE reader expecting to find a textbook 
on marine structures such аз piers, 
wharves, docks, etc., will perhaps be 
disappointed in this work, inasmuch as 
the author has no such ambitious inten- 
tions, but assumes that all technicalities 
of this description are known to the 
reader. He gives, however, a great deal 
of valuable information, some of which 
has been published before in the form of 
papers or articles in technical journals, 
and is now collected in book form. This 
is sometimes manifested in repetition or 
overlapping, but in all of it the author's 
extensive experience is felt as a solid 
backing. 

The book deals with the problems of 
scour and coast defence, the conservancy 
of marsh lands, and navigable rivers, 
and has some interesting chapters on the 
maintenance and salvage of maritime 
works. The author's experience leads 
him to some interesting conclusions with 
regard to the relative cost of marine 
Structures, and most reinforced concrete 
engineers will agree with him that the 
initial cost of a timber jetty is practically 
the same as that of a reinforced concrete 
one. They may perhaps not be quite 
so willing to agree with the author in his 
Statement that the maintenance and 
repair of a concrete jetty is much more 
difhcult and costly than that of the 
timber jetty. The bugbear of slowness 
in execution which is, as usual, men- 
tioned as a factor against the use of rein- 
forced concrete, may surely by now be 
considered as fading into evanescence 
with the presence of rapid hardening 
cement on the market, and with the 
tendency to eliminate bracing and other 
tide work by suitable design. 

The chapter on dredging is very in- 
Structive, and reveals some interesting 
facts as to costs per cubic yard, which are 
Stated to vary between 105. 64. and 
“14.” the latter figure obviously being 
a misprint for 1s. 8d. ; the author gives 
some formule for determining the volume 
of solid per cubic foot of sludge, and 


goes at great length into the question of 
establishing a basis of equitable payment 
to the dredging contractor, a point of 
controversy in nearly every dredging 
contract. 

The most valuable part of the book is, 
however, contained in an appendix on 
the legal aspects of maritime engineering, 
an aspect which is very often overlooked 
by the engineer who has to deal with the 
erection or demolition of marine struc- 
tures, usually with the attendant ques- 
tion of dredging, and who is mainly 
intent upon the purely constructional 
side of the work. The appendix gives in 
tabular form a list of cases within recent 
years of general interest to engineers, 
wharf and land owners, shipping com- 
panies, contractors, and others, and 
finishes by giving a few notes on the 
Land Drainage Acts examined from the 
engineer's standpoint. 

Altogether the book is a very useful 
addition to the library of engineers who 
are called upon to deal with marine works 
of any description.—R. N. S. 


Concrete Practice. By George A. Ноо! and 
H. E. Pulver. 
London: McGraw-Hill Publishing Co., Ltd. Price 
175. 6d. net. 


THis book is primarily intended for the 
use of students, but it should also be 
valuable to engineers and others engaged 
in concrete work. No attempt is made 
to deal with reinforced concrete design. 
The object of the authors is to cover the 
whole field of the use of concrete, par- 
ticular attention being given to propor- 
tioning, consistency, and placing. The 
first section deals with the fundamental 
considerations of concrete and its uses; 
then follow sections on Proportioning, 
Mixing and Placing; Contracts, Speci- 
fications and Plans; Estimating ; Labor- 
atory Methods and Field Work; while 
appendices give standard specifications 
for testing cement and concrete, grading 
and proportioning, etc. Each subject is 
dealt with as a “ job,” of which there are 
107, and at the end of each is a set of 
exercises dealing with that particular 
“job” for the use of instructors and 
students. 
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QUESTIONS AND ANSWERS. 


Questions and Answers relating to Reinforced 
Concrete. 
Readers are cordially inviied to send in questiona relating to concrete. These 


n8 will be repl ю by ап expert, and, as 
once direct and y published 4 
interest. Readers ly full 
ished. 


supp but 
Stamped envelopes should be sent for replies.—Ep. 


Reinforcement of Column. 


QuEsTION.—The accompanying sketch 
shows the upper and lower lengths of a 
reinforced concrete column recently exe- 
cuted and passed by an engineer to a 
well-known concrete engineering firm. 
The rods from the lower column are all 
bunched together in the centre as shown 
at the junction of the upper and lower 
lengths of column. The reinforcement to 
the upper column is placed as shown, 
some distance away. 1 refuse to be per- 
suaded that the load carried by the upper 
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reinforcement сап be transferred to the 
lower reinforcement, and I contend that 
what will actually take place is that the 
concrete at the base of the first to ground 
floor columns will be overloaded, because 
the upper steel has no bond with the lower 
column and therefore cannot pass its load 
on to the lower column steel. I have 
never seen a splice made in this manner 
and approved by an engineer, and I 
should be glad of your views. 

My opinion is that the detail is thor- 
oughly bad and should not be allowed 
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unless a steel plate is inserted under the 
upper rods to take the load. 

The column is an interior one, the 
spans are equal, and the bending, if any, 
could be ignored.—F. G. H. 

Norwich. 

ANSWER.— This subject is one of the 
problems which do not appear to be dealt 
with at all thoroughly in standard text- 
books, probably owing to the complexity 
of the subject and to the space that would 
be required to treat it fully. 

Even assuming that all bending can be 
ignored, the connection illustrated in the 
sketch would not be termed a good one. 
Considerable care is necessary when de- 
signing such a connection since the load 
on the upper bars can only be transferred 
to the lower bars through the concrete. 
The stress produced in the concrete by 
this is additional to the normal working 
stress, and thus it is desirable to keep it 
as low as possible. 

u Ina well-designed joint, bars, equal in 

' number to those in the upper column, 
would be run up from the lower column for 
a distance great enough to give the desired 
lap. Further, each lower bar would be 
next to an upper bar so that they could 
be wired together. This wiring is not 
always done, but it is advisable. To do 
this, a slight offset in the lower bars is 
usually necessary, and in the case of a 
column which is reduced in size above the 
floor level the offset would probably be 
greater. 

Good practice would limit the slope 
of such an offset to 30 degrees with 
the vertical. It is also recommended 
not to begin the offset for at least six 
inches below the bottom of the lap, the 
bottom of the upper rods being at floor 
level. 

Under certain conditions the use of a 
steel plate might improve matters, but 
unless it were designed and placed care- 
fully the joint would probably be worse 
than if no plate were present. 
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Tank Cover. 


ОсЕвтіом.--І enclose a design for а 
flat-slab tank cover, and should be glad 
to have your opinion as to its suitability 
for the purpose.—L.G., Malta. 

ANSWER.—We suggest that it would 
be better to adopt the usual type of 
beam and slab flooring in preference to 
the suggested mushroom type, which is 
not very suitable for the purpose. The 
beamless floor presupposes fairly heavy 
superloads to be economically suitable, 
and the comparatively great slab thick- 
ness required minimises the effect of any 
inaccuracies in placing the steel, which 
latter operation must be executed with 
much greater care than in the usual beam 
and slab design, and in the case of a thin 
slab calls for a degree of skilled labour 
which is not usually found in this coun- 
try. We should hardly think conditions 
in Malta would be so much more favour- 
able as to warrant the use of this design, 
although on paper it may look very 
attractive. We note our correspondent 
works to sixteenths of an inch in his 
concrete thicknesses, while in this coun- 
try we might be glad always to get an 
accuracy of a quarter of an inch; and 
although he may possibly have his con- 
crete work done with this degree of 
accuracy, we feel sure that the placing 
of the reinforcement will never be correct 
to the same degree when taking all the 
practical elements of the operation into 
consideration. In such a finely-cut de- 
sign a small displacement of the steel 
during concreting would result in greatly 
increased stresses. 

Our correspondent suggests supporting 
the slab at the ends on brick corbels. 
This, however, is not a good practice, as 
the whole theory of mushroom design is 
based on the relativity of minute deflec- 
tions; a brick corbel would deflect in 
quite another ratio than a concrete 
column and head, and should be sub- 
stituted by the latter. 


“ FORMWORK.”’ 


Practical Opinions on New ‘‘ Formwork ’’ 
Book. 


WE give below some opinions we have 
received from purchasers of our latest 
book, '' Design and Construction of Form- 
work for Concrete Structures," * by A. E. 
Wynn, B.Sc., A.M.Am.Inst.C.E., of which 
a large number have already been sold. 
The book comprises 320 pages, and is 
copiously illustrated with drawings and 
photographs. Designs are given for form- 
work for every type of concrete structure, 
from simple footings to arch bridges, and 
many tables from which sizes of timber for 
any shuttering purpose may be seen at a 
glance. Costing data is given for every 
type of work, and chapters are included 
on Flat Slab Construction, Steel Forms, 
etc. The price of the book is 205. (by post 
od. extra). 


From the 


British Reinforced Concrete Engineering 
Co., Ltd. 

This is the most comprehensive treatise 
on the subject we have seen. For the 
first time it brings into one volume the 
existing information on a subject which is 
becoming of increasing importance to all 
who are interested in obtaining efficiency 
and economy in concrete design and con- 
struction. 


From 
Robert Colhoun, Builder, Londonderry. 


This book should be in the hands of 
every builder, and should be a text-book 
in technical schools. I have received 
much useful information from it, which 
has helped me to simplify the construc- 
tion of shoring and temporary work. I 
have shown it to one of my principal fore- 
men, who also appreciates it. Тһе section 
dealing with costs is quite within the ex- 
perience of actual fact, and is a useful 
guide. 


From 


Comben & Wakeling, Ltd., Builders, 
Wembley. 


We consider this to be a very useful and 
comprehensive work of reference, which 
fills a long-felt want. 


* Published by Concrete Publications, Ltd., 20 
Dartmouth Street, Westminster, London, S.W.r. 
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From 


Mr. David A. Donald, Chief Engineer, 
Glasgow-Edinburgh Road. 

The tables giving dimensions of form- 
work members for many usual purposes 
are very useful, especially to those who 
have had no training in mathematics. 


From 
Galbraith Bros., Ltd., Builders, London. 


We consider this book absolutely 
essential to any engineer or contractor 
engaged on the erection of concrete work. 
The design tables are invaluable, and the 
photographs extremely clear and practical. 
The data and labour costs are of great 
value in estimating. We consider the 
price extremely reasonable. 


From the Bulletin of the 


Indented Bar & Concrete Engineering 
Co., Ltd. 

This book should be of inestimable value 
to designers and contractors. Іп addition 
to its essentially practical nature, it 
establishes the subject of formwork on a 
scientific basis. It covers the entire field 
of construction, is copiously illustrated, 
and provided with folders and tables which 
give at a glance the scantlings required 
and their mode of use. The author de- 
serves the sincere gratitude of the entire 
building industry for the compilation of 
an exceptionally thorough treatise. It is 
one of those books no builder can afford 
to be without. 


From 


J. B. Johnson & Co., Ltd., Builders, 
Liverpool. 

This is a very comprehensive work, 
which should be studied by all concrete 
contractors. The sections devoted to the 
theory and design and the strength of 
centering are especially valuable. The 
tables are very simple and the illustrations 
clear. 

From 
The Reinforced Concrete Construction 
Co., Manchester. 

The book particularly appeals to us for 
its examples of shuttering and centering 
for the heavier class of work, such as 
bridges. 


From 


Mark Round & Sons, Limited, Builders, 
Dudley. 
We feel sure the knowledge gained from 
this book will prove extremely useful. 


From 


Joseph Wheater, Ltd., Builders, 
Bradford. 

Undoubtedly this is a very valuable 
publication, with extremely interesting 
and useful information; it should be in 
the hands of every architect, engineer, and 
contractor, and especially foremen in the 
employ of contractors specialising in 
concrete work. 


From 


Watkin Williams & Sons, Builders, 
Cardiff. 

We should like to say, for the sake of all 
others engaged in carrying out concrete 
work, that in our opinion upon studying 
this book they will come to the same con- 
clusion as us, namely, that it is very 
valuable and useful in many ways. We 
believe this book will help to reduce ex- 
penditure on concrete work. 


From 


Yorkshire Hennebique Contracting Co., 
Ltd., Dundee. 
This book is very useful indeed, 
especially to contractors, engineers and 
foremen. 
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From the 
Engineer & Surveyor to the Leadgate 


I can honestly say that this book 
appeals to me as being a most useful book 
for anyone engaged on concrete construc- 
tion. To municipal engineers who have 
to construct their works by unemployed 
labour it will prove an excellent reference, 
and will result in a saving of time and 
worry.—VIVIAN |. HUNTER, P.A.S.I. 


From the 


Borough Engineer and Surveyor of 
Taunton. 


This book is an extremely interesting 
one, and supplies a long-felt want to any 
engineer who has to deal with concrete 
construction. The illustrations are set 
out in an extremely clear and simple 
manner, and the photographs showing 
methods of shuttering are also of great 
value. There is no doubt the book will 
be of the utmost value to engineers who 
have to formulate schemes at very short 
notice.—Ivor F. SHELLARD, A.M.Inst. 
C.E. 


One from America. 


There is a crying need for a compre- 
hensive work on the subject of forms, and 
I am sure Mr. Wynn's book will be en- 
thusiastically received.—O. A. STELLER, 
Editor, “ Concrete," Chicago. 


Contents of 5 Design and Construction of Formwork 
for Concrete Structures." 


CHAPTER I.—Fonw BUILDING IN GENERAL. 

CHAPTER II.—MarERIALS, LOADS, PRESSURES AND 
STRESSES. 

CRAPTER ПІ.--Тнеоветіслі, DESIGN or Forms. 

CHAPTER IV.—DeEsicn TABLES. 

CHAPTER V.—DeEsIGxX PROBLEMS. 

CHAPTER VI.—DETAIL CONSTRUCTION OF FOOTING 
Говм. 

CHAPTER WII.—Detait Construction OF COLUMN 


FoRas. 

CHAPTER VIII.—WaLL Forms. 

CHAPTER ІХ.-Октап. CONSTRUCTION OF BEAM AND 
GIRDER FrooR Forus. 

CHAPTER X.—Forms ток Rip FLOORS AND SrRUC- 
TURAL STEEL FIREPROOFING. 

CHAPTER XI.—MISCELLANEOUS Forms IN BUILDING 
CONSTRUCTION. 

CHAPTER XII.. Forms FOR FLAT SLAB CONSTRUCTION. 

CHAPTER ХПІ.--ҒЕонм5 ror CONDUITS, SEWERS AND 


CULVERTS. 

CHAPTER XIV.—Forms FOR TANKS, SILOS, BINS AND 
STANDPIPES. 

CHAPTER XV.—Forms POR Dams, PIERS AND HEAVY 
WALLS. 


CHAPTER XVI.—STEEL FORMS IN BUILDING AND WALL 
CONSTRUCTION. 

CHAPTER XVII.—STEEL FORMS FOR CURVED SURFACES. 

CHAPTER XVIII.—AnRcH FALSEWORK. 

CHAPTER XIX.—OTHER BRIDGE FORMS. 

CHAPTER XX.—PATENT DEVICES. 

CHAPTER XXI.—PLANNING THE WORK. 


TABLES. 

1. Maximum span of floor sheathing for various 
thicknesses of slab. 

2. Maximum span of wall sheathing for various 
heights of wall. 

3. Maximum span of column sheathing for various 
beights of column. . 

4. Maximum spacing of floor joists for various spans 
and thicknesses of slab. 

s. Maximum concentrated loads carried by ledgers 
and walls for various spans and spacing of loads. 

6-9. Spacing of column yokes for various sizes and 
heights of column. 

ro. Maximum spacing of wales and wall ties for various 
sizes of studs and heights of wall. 

II. Safe loads on posts. 


271 Illustrations. 
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A DOUBLE-DECK ROAD. 


A Double-Deck Ros ". 


A Double-deck Road. 


A NEW municipal improvement in Chicago 
takes the form of a double-deck street 
along the south bank of the Chicago river 
and in the heart of the city. The im- 
provement extends for a distance of a 
little over a mile, following the course 
of the river. The structure is of rein- 
forced concrete with a drop-panel flat- 
slab design for the upper deck, except at 
the bridge approach intersections where 
it was necessary to resort to beam and 
girder design. Тһе upper deck is 131 in. 
thick. 

The lower level is to be used entirely 
for heavy commercial traffic and the 
upper level for motor-cars. On the lower 
level there is a dock floor of reinforced 
concrete laid on a sand fill. The total 
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width оф the lower level from the dock 
line to the building line is 135 ft., and the 
width ог, ће upper level from the hand- 
rail to the building line 114 ft., with a 
roadway 72 ft. wide. 

The traffic on the lower level is divided 
into two streams by intervening columns. 
Electric lights are set in the columns in 
such a manner that the beam of light 
comes from behind the driver and does 
not interfere with the vision of drivers 
approaching from the opposite direction 
on the other side. 

The work was done under the direction 
of the Board of Local Improvements. 
The contractors for most of the work 
were the  Mid-Continent Construction 
Co. 


UPPER? LEVEL 
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NEW TYPE OF GRAVEL WASHER. 


New Type of Gravel Washer. 


We illustrate below a new type of gravel 
washer, with screens and sand-and-water 
separator, recently constructed to order 
under Southall’s patents by Messrs. 
Hardy & Padmore, Ltd., the well-known 
specialists in this kind of plant, of Wor- 
cester. It is claimed of this type of 
washer that, in addition to efficient wash- 
ing, it uses a minimum of water and 
gives а very large output for its size. 
The various processes are illustrated in 
the di . The gravel to be washed is 
fed into the hopper (A) regularly, at, say, 
intervals of six seconds, each delivery 
weighing about one six-hundredth part of 
the total weight the washer is designed to 
handle per hour. The grating (B) in the 
hopper (A) serves to prevent over-large 
stones going into the washer. 

_ The gravel falls from the hopper (А) 
into the first conical barrel com »artm^nt 
(C) in which it is well turned over as the 
slope of the barrel travels it ш the 
direction indicated by the arrow (D), 
during which process it is freed irom the 
majority of the dirt by help of the water 
It encounters flowing in the opposite 
direction as indicated by the arrow (E) 
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towards the overflow at (Е), carrying with 
it the dirt washed out of the gravel. The 
gravel when it reaches the lifting shelves 
(G) is carried up by them and dropped on 
to the transfer chute (H) revolving with 
the barrel, which shoots the gravel into 
the second conical compartment (J), in 
which it goes through the same treatment 
as in compartment (C), but in cleaner 
water, which therefore has a considerably 
increased cleansing action on the gravel. 

By the patented arrangement of 
divided barrels containing water of 
gradually increasing depths, the water 
cannot co-mingle, except in the direction 
of its flow ; and the cleaner the gravel be- 
comes the cleaner is the water it encoun- 
ters on its travel to the screen end of the 
washer. This gives an excellent washing 
method, and the number of compartments 
may vary as Called for by the work to be 
accomplished. 

The gravel on dropping into the third 
compartment (K) is in practically clean 
water, and here it receives its final wash- 
ing before it is discharged through the 
cone (L) into the revolving barrel screen 
(M), where the sand is washed off by clean 


‘* Southall " Gravel Washer. 
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spraying water issuing at a pressure from 
the patent spraying jets (N) fixed in the 
pipe (O); this water carries the fine 
material into the sand and water separator 
tank (1). The material which is too 
large to go through screen (M) travels on 
through other screens perforated with 
holes of sizes to give the desired grading, 
the large rejects falling out at (P). The 
clean water for the main washing is intro- 
duced into compartment (K) through 
pipe (Q). 

When a washer is fitted with the patent 
separator (Z) it is recommended that the 
water for both washing and spraying be 
all introduced through the spraying pipe 
(O), in which case, before putting any 


gravel into the washer, the clean water is 
turned on into the spraying pipe (O) and 
the washer revolved until the water over- 
flows at (F), after which the gravel can 
feed into the hopper (A), thus dispensing 
into the water supply pipe (Q). 

The barrel and screens are carried on 
wide-turned track rings (R) running on 
turned rollers (S), the friction between 
their surfaces serving to revolve the barrel 
and screens. The rollers (S) are mounted 
on two side shafts (T) running in roller 
bearings (U), and on one of these side 
shafts is mounted a pair of fast and loose 
pulleys (V) for the belt drive, the two 
shafts being connected by chain and 
sprocket wheel gearing (УУ). 

Along the top of the screens a series of 
rollers (X) are provided, hung on swinging 
links to hammer out of the holes in the 


226 


: ia 
QA | xf + 


CONCRETE 


screens any pebbles that have wedged 
themselves into their perforations, an 
arrangement that saves considerable 
trouble and secures the full efficiency of 
the screens. The blades (Y) in the screen 
are to pass the gravel through them. 
The patent separator (Z) shown under 
the fine screen (M) separates the sand and 
water passing through it, and both fall 
into the tank (1) which is fitted with a 
bucket elevator set at an angle of, say, 45 
degrees. This elevator works in part of 
tank (1), divided off by a division plate 
(2) in order that the disturbance to the 
water caused by the moving elevator 
buckets (3) shall not be communicated to 
the water in part (4) of tank (1), thus 
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allowing the sand to settle better in part 
(4). This sand finds its way under the 
bottom of the division plate (2) to the 
buckets (3) which dredge the sand up and 
deliver it at the side of the washer. 

The overflow water from tank (1) is 
conveyed by a pipe or trough (5) into a 
tank (6), from which it is scooped out by 
six pipe arms (7) which deliver the water 
into compartment (K) to help do the 
washing, thus saving such water from 
running to waste. 

It wil be noticed that the rollers (5) 
on which run the turned tracks (R) of the 
screens are of larger diameter than the 
rollers (S) the tracks (R) of the barrels, 
an arrangement which revolves the 
screens about half as fast again as the 
barrels and thus renders the screens more 
efficient. 


DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. s. d. 

Best Washed Sand ° . . . . . . . . peryard 16 o 
Clean Shingle, $ in. mesh . . . . 2 . . š 5 14 © 
2 $ in. mesh. 4 4 5 Н қ 5 5) 15 6 

Thames ballast š : š " : : š š қ ro 6 
Broken brick (} in.) 5 . II 6 
Best British Portland Cement (delivered London area). : рег ton 58s. to 63 6 


“ Ferrocrete" Rapid-Hardening дулаан Cement delivered London 105. per ton extra 


ШЫ Super-Cement T . š perton 88s. to 93 O 
* Lightning" Brand Aluminous Cement . š 5 " : » 1005. to 105 6 
Ciment Fondu . : : š š : А . Works f.o.T. 95 0 

BOARDING FOR SHUTTERING— Sawn. Wrot. 

5. 4. 5. 4. 
Iin. . . . . . . . . PS square 23 6 27 6 
іріп. . . . . . . . š p 29 6 33 6 
1j in. . š У 5) 35 6 41 0 

SAWN TIMBER FOR STRUTS AND SUPPORTS— 

3 in. by 4 in. . . ° ° . from /22 per standard 

3 in. by 6 in. and 3 in. by 7 in. I қ š қ 4: „„ £20 4 24 

Мп.о STEEL Rops For REINFORCEMENT— 5. 4. 

in. to 21 in. Rounds . . š 1 . . percwt. то 6 

in. to 4 in. Rounds . š š : I s : ё A IO 9 

1 in. Rounds . . . . . . . "i 11 0 

1 in. Rounds . . I2 O 
Breeze Slabs per yd. super: 2 in., 1/11; 2] in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING то PER CENT. PROFIT. 

(Based on Contracts up to 12,000.) 

PoRTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— 5.4. 
Do. do. in foundation . . . . . . рег foot cube I II 
Do. do. in columns 4 ё 4 4 : 5 % $i 2 I 
Do. do. in beams. : š Š š 55 " 2 3 
Do. do. in floor slabs 4 in. thick . . . . per yardsuper 6 o 
Do. do. in floor slabs 5 in. thick . š қ . РА ” 7 6 
Do. do. in floor slabs 6 in. thick . А š š 52. е 9 0 
Do. do. in floor slabs 7 in. thick . А қ š s igs 10 6 

do. in walls 6 in. thick. š š : 8 8 


Do. г (1) 
(Add for hoisting 3s. 64. per yard cube above ground- -floor level. ` Add for '' Ferrocrete ” 
Is. 10d. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 


POSITION AND SECURING WITH STOUT BINDING WIRE— 5. d. 
From 1 in. to § in. : . . . 2 . . . percwt. 22 6 
" in. to 4 E А : 5 5 ; А А қ "E 21 6 


in. to 2 . 20 6 
EXTRA LABOUR "rc о “BENDS in bin. rods, 44.; fin. rods, 1d, ; pin. rods, гда. ; 
§-in. reds, 114.: }-in. rods, 13d.; j-in. rods, 2d. ; : тіп, rods, 214. ; 1j-in. rods, 
3d. ; 131. rods, 31d. ; 11-ш. rods, 41d.; 11-ш. rods. 64. (per bend per cwt.). 
EXTRA LABOUR ТО HOOK BENDS: lin. 14.; Ë in., 2d.; 4 in., 214.: Ë in. 
3d. ; Bin., 314.: țin., 4d. ; 1in., 444. ; 1} in., 6d. ; 1} in., 7d. (per bend per cwt.). 
SHUTTERING— 
Shattering and Supports for Concrete Walls (both sides measured) per square 59 p: 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 
10 ft. high А é . 5 : . per square 55 0 
Do. do. in small quantities š А . per ft. super o то 
ShutteringandSupportsto Stanchions for easy removal, average 18in. by 18 in. 


per ft. super o 111 


Do. do. as last, in narrow widths. 22 cias I Ij 

Do. do. to sides and soffits of beams average 9x in. 24 I2in. „p ,, I 1$ 

Do. do. as last, in narrow widths. "S I 3i 
Raking, cutting, and waste to shuttering . s : ° perft.run o 3 
Labour, lay on ditto . . ry) о 2 
Small angle fillets fixed tointernal angles of shuttering toform chamfer,, EN o 3 


WAGES.—The rates of wages on which the above prices are based are:—Carpenters 
and joiners, 1/9j per hour; Carpenters working on old shuttering, 1/10}; Labourers 
on building works, 1/4); Men on mixers and hoists, 1/5}; Bar-benders, 1/5}. 


(° Тыз Data is specially compiled for Concrete and Constructional Engineoring, and is strictly copyright.) 
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Designing Concrete for Maximum Strength. 


As is mentioned in the Editorial pages of 
this number, recent advances in the 
scientific knowledge of concrete making 
have proved that it is quite a simple 
matter to produce a concrete of pre- 
determined strength. It has also been 
proved that a 1 : то mix can be made as 
strong as a 1: 6 mix providing the ma- 
terials are properly graded and the water 
content accurately gauged. 

The investigations that proved these 
facts have long passed the laboratory 
stage. The methods to which they 
pointed as correct have been used in 
constructional and pre-cast work, with 
the result that the strength of every part 
of the work is exactly up to the specifica- 
tion—nothing more and nothing less. 
Thus the maker is assured of concrete 


about the strength of which there can be 
no doubt, and benefits by a considerable 
saving in cement. 

These methods and processes have now 
been published in book form, in which the 
author explains in simple language how 
this scientific control of the strength of 
concrete is brought about in practice. 
The procedure to be followed to secure 
the best grading according to the aggre- 
gate used, and the correct amount of 
water to be used to secure the most eco- 
nomical use of cement, are fully detailed. 
Copious illustrations are given, together 
with several useful charts for use in pro- 
portioning for definite strength. Copies 
may be obtained from Concrete Publica- 
tions, Ltd., 20 Dartmouth Street, West- 
minster, S.W.r, price rs. (by post rs. 24.). 
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The All-Concrete Canterbury By-Pass, just completed for the Kent County Council 


(Mr. H. T. Chapman, County Surveyor). 


The road is 8 in. thick, reinforced with 


B.R.C. fabric. 


228 


PROSPECTIVE NEW CONCRETE WORK. 


Prospective New Concrete Work. 


ANTRIM.—Concrete Roads.—The С.С. 
has applied for sanction to borrow /45,000 
for the reconstruction in reinforced con- 
crete of certain Class 1 roads. 

BarH.—Howuses.—The Council has ap- 
plied for permission to borrow (86,192 
for the erection of 280 houses on the 
Southdown site. 

BEBINGTON. — Houses. — The U.D.C. 
proposes to erect 218 houses on the Stan- 
ton estate. 

BETHESDA. — Concrete Houses. — The 
U.D.C. is considering the erection of con- 
crete houses. 

BEXLEY.—Concrete Bungalows.—The 
U.D.C. proposes to erect 50 concrete bun- 
galows on the “ Nash " system. 

BIRKENHEAD.—Houses.—The Corpora- 
tion proposes to spend £331,288 on the 
construction of 621 houses. 

BoLroN.—Road.—A scheme is being 
considered for the construction of a road 
from Bolton to Bury. The cost is esti- 
mated at /500,000. 

BROMLEY. — Concrete Houses. — The 
R.D.C. proposes to construct 40 concrete 
houses on the “ Nash " system at Chels- 
field and St. Mary Cray. 

BuRNLEY.—Bridge.—The T.C. proposes 
to construct a footbridge over the railway 
to connect up the Accrington Road and 
Whittlefield districts. 

Canvey ISLAND.—Concrete Road.—A 
scheme has been submitted to the U.D.C. 
for the construction of a reinforced con- 
crete road four miles in length, and a 
bridge to the mainland. The cost is 
estimated at £155,000. 

CHEDDAR. — Reservoir. — The Bristol 
Waterworks Co. is applying for Parlia- 
mentary powers to construct a reservoir 
at Cheddar. 

DuNDEE.—Houses.—The Corporation 
Housing Committee recommends the con- 
struction of 500 houses. 

FEATHERSTONE.—Houses.—The U.D.C. 
proposes to build 82 houses in Ackwood 
Road, at an estimated cost of £37,200. 

GLASTONBURY.—Houses.—The T.C. has 
been recommended to build 48 houses. 

GRAVESEND. — Houses.— The Council 
has been recommended to erect 100 houses 
on the estate in Kitchener Avenue. 

GREENOCK.—Houses.—The T.C. pro- 
poses to build 162 houses at Bow Farm. 


HASTINGS.—Groynes.—The Т.С. has 
applied for sanction to borrow /14,200 
for the construction of groynes. 

HEMSWORTH (YORKS). — Reservoir. — 
The U.D.C. proposes to construct a reser- 
voir. 

HEvsHAM.—Sea Defence Works.—The 
U.D.C. is considering a scheme for sea 
defence work in connection with the 
Sandylands Promenade. 

JOHNSTONE.—Houses.—The T.C. is 
considering a scheme for the erection of 
192 houses. 

KinGussIE. — Road. — The Aberdeen 
T.C. and other interested authorities are 
considering a proposal to construct a road 
from Linn of Dee, through Glenfeshire, 
to Kingussie. 

KIRKINTILLOCH. — Houses. — Applica- 
tion has been made for sanction to borrow 
£32,400 for the erection of 72 houses at 
East High Street. 

LARNE.—Road.—The U.D.C. proposes 
to construct a 36-ft. wide road from Old 
Glenarm Road to Roddens Road. 

LocHABAR.—B*idge.—Plans are being 
prepared for the construction of a bridge 
across the river Lochy. The cost is esti- 
mated at /30,000. 


SITUATION WANTED. 


CONCRETE SPECIALISTS.—Engineer, 26, 
B.Sc., with 2 years workshops, 6 years D.O., 
including 3 years'on structural steelwork and indus- 
trial plant, and last 4 years on ferro-concrete design, 
construction organisation and field control direction, 
etc., desires appointment. Has worked up to now on 
own initiative, but desires opening in specialist office. 
Has ingenuity, confidence, and is willing to learn. 
Please apply Box 1267, CONCRETE AND CONSTRUC- 
TIONAL ENGINEERING, 20 Dartmouth Street, S.W.1. 


WATERPROOFING. 


ENGINEERS in concrete and other construction 

interested in the introduction of sound Water- 

proofing pep Spits who are desirous of taking up the 
t 


ition of Stockholders, embracing areas covering 

unties of Great Britain and Ireland, for an English 
Company situated in London, are invited to forward 
applications with a view to early negotiations and 
arrangement for appointment. Apply Box No. 1266, 
CONCRETE AND CONSTRUCTIONAL ENGINEERING, 20 
Dartmouth Street, Westminster, S.W.r. 


PATENT. 


THE Proprietor of the Patent No. 222151 for 
Process of Manufacturing Cementitious Materials 
is desirous of entering into arrangements by way of 
licence and otherwise on reasonable terms for the 
purpose of exploiting the same and ensuring its full 
development and practical working in this country. 
All communications should be addressed in the first 
instance to Haseltine, Lake & Co., Chartered Patent 
Agents, 28 Southampton Buildings, Chancery Lane, 
London, W.C.2. 
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MACCLESFIELD. — Houses. — The T.C. 
has decided to erect 100 houses. 

NorwicH.—Houses.—The T.C. is con- 
sidering a proposal to build 250 houses 
on the Earlham estate. 

NOTTINGHAM. — Bridge. — A scheme 
has been submitted for the construction 
of a bridge in Perry Road. The cost is 
estimated at /8,000. 

NUNEATON.—Houses.—The T.C. pro- 
poses to erect 8o houses on the Central 
Avenue site. 

NUNSTHORPE.—Houses.—The Grimsby 
T.C. has made application for sanction to 
borrow {£28,760 for the construction of 
64 houses. 

OLDBURY. — Houses. — The District 
Council proposes to build тоо houses on 
the Londonderry Farm estate at Warley. 

OTLEY.—Bridge.—The U.D.C. is con- 
sidering a scheme for the construction of 
a bridge over the river Wharfe. 

PrvMourH.—Howses.—Application has 
been made for sanction to borrow £103,214 
for the erection of 208 houses on the 
Higher Mount Gold site. 

PoRTHCAWL.—Sea Wall.—The U.D.C. 
has decided to construct a sea wall, 
promenade, swimming bath, etc. 

SALCOMBE.—Reservoir.—The ` U.D.C. 
has applied for sanction to borrow /4,400 
forthe construction of a service reser- 
voir. 

SOUTH MorroN.—Bidge.—The R.D.C. 
has decided to construct a bridge over 
the river Dart at Bradford Mill, Wither- 
idge. 

STAFFORD.—Houses.—The T.C. has 
made application for sanction to borrow 
£29,500 for the erection of 58 houses on 
the Tithe Barn estate. 

STALYBRIDGE.—Houses.—The T.C. has 
applied for sanction to borrow {28,000 
for housing purposes. 

STAMFORD.—Road.—A by-pass road is 
to be constructed around the town. The 
cost is estimated at /33,300. 

STARETON.—Bridge.—The Warwick 
C.C. proposes to construct a bridge to 
replace the old Stare Bridge. 
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STIRLING.—Bridge.—The Stirling C.C. 
has been recommended to consider a 
scheme for the construction of a foot- 
bridge across the River Forth at the 
Abbey Ferry. 

STRETFORD.—Howses. — The U.D.C. 
has applied for permission to borrow 
437,753 for the construction of 82 houses 
in Hancock Street. 

THORTERDYKES.—Houses.—The Haw- 
ick T.C. has applied for sanction to borrow 
£19,000 for a housing scheme. 

ULVERsTON.—Sea Defence Work.—The 
R.D.C. proposes to spend {£6,500 оп the 
construction of a reinforced concrete sea 
wall. 

UXBRIDGE.—Houses.—The U.D.C. has 
instructed the Surveyor to prepare plans 
for the erection of 52 houses on the Rock- 
ingham Meadows estate. 

WHITCHURCH, SALOP.—Houses.—The 
U.D.C. has decided to erect 60 houses. 

Wick.—Concrete Road.—The Little- 
hampton U.D.C. proposes to spend £3,840 
in reconstructing Worthing Road in rein- 
forced concrete. 

WisBECH.—Road.—TIhe Isle of Ely 
C.C. is considering a proposal to construct 
a by-pass road. The cost is estimated at 


£24,129. 


Tenders 


Атснам (SALOP).—Concrete  Bridge.— 
The Salop C.C. has accepted the tender of 
Messrs. Grays Ferro-Concrete Co., Ltd., 
at /58,966, for the construction of a rein- 
forced concrete bridge over the Severn. 

AXBRIDGE. — Concrete Houses. — The 
R.D.C. has accepted the tender of Messrs. 
Burston & Hawkins, Clevedon, at £3,728, 
for the erection of 8 concrete cottages. 

BoRROWDALE (CuMBs.) — Concrete 
Bridge.—The Cumberland C.C. has ac- 
cepted the tender of the Bridge & En- 
gineering Co., Banbury, at /2,000, for 
the construction of a reinforced concrete 
bridge across the Derwent. 

GLasGow.—Concrete Houses.—The T.C. 
has accepted the tender of Messrs. Henry 
Boot & Sons, Ltd., for the erection of 546 
concrete houses. 

HasriNGS.—Concrete Piling.—The Т.С. 
has accepted the tender of Messrs. J. & W. 
Stewart, at /5,991, for the construction 
of reinforced concrete piling. 


Recent Patent 


243,308.—E. I. Lindman : Porous concrete. 

247,952.— W. Klinke: Ferro-concrete 
floors. 

249,840.—G. Lucknam : Filling cracks by 
cement under pressure. 

250,599.— J. W. Fuller: Cement. 

251,621.— FP. Allaire: Reinforced concrete. 

251,967.—E. Van Bavegem: Concrete 


construction. 

252,210.—O. Lindemann: Mortars and 
cements. 

2 56,987.—F. L. Smidth and Co., Aktie- 
selskabet : Cement. 


258,293.—Т. Fusoni: Concrete mixer. 

259,203.—U. B. Voisin: Cements. 

260,313.—J. Melandri and Spun Concrete 
Construction Co.: Building blocks. 

260447.—C. Pontoppidan and S. Bunt- 
zen: Production of cement. 

260,495.—P. Allaire : Reinforced concrete 
elements. 

260792.—L. Pantani and J. France: 
Concrete brick. 

261,072.— J. W. Waller and C. Walker : 
Concrete blocks. 

261,814.—Т. Rigby: Cement. 

261,846.—J. H. Bennetts, D. Palmer- 
Jones, D. H. Jones and Scaffolding 


TENDERS ACCEPTED. 


Accepted. 


Hurr.—The Corporation has accepted 
the tender of Mr. R. G. Tarran, Lambert 
Street, Hull, at £1,527, for the construc- 
tion of a concrete basement. 

LvrHAM ST. ANNES.—Concrete Sewer. 
—The T.C. has accepted the tender of 
Messrs. J. Byrom, Ltd., Bury, for the 
construction of 700 yds. of concrete sewer. 

SHEFFIELD.—Housing.—The T.C. has 
accepted the tender of Messrs. Hodkin & 
Jones, at /596, for concrete work required 
to strengthen eight houses. 

STOKE-ON-TRENT.—Concrete Reservoir. 
—The Staffordshire Potteries Water 
Board has accepted the tender of Messrs. 
Henry Hayes (Manchester), Ltd., for the 
construction of a reinforced concrete 
reservoir. 

WuHITBY.—Concrete Bridge.—The Т.С. 
has accepted the tender of Messrs. John 
Gill, Ltd., at £400, for the construction 
of a reinforced concrete bridge at the 
approach of the East Pier. 


Applications. 


(Great Britain), Ltd.: Casting or 
moulding cementitious materials. 
261,910.— Ransomes & Rapier, Ltd., and 
P. D. Ionides: Concrete mixing 
apparatus. 

261,952.—J. Pickerill: Concrete blocks. 

262,252.—Ransomes and Rapier, Ltd., 
and P. D. Ionides : Charging concrete. 

262,525.— Vickers, Ltd., and L. D. Par- 
ker: Rotary kilns for burning cement. 

262,982.—G. Jaeger: Concrete mixing 
machines. 

263,257.—). Е.Н. Crisp: Concrete walls 
and buildings. 

263,571.—]. A. Rice: Cements. 

263,997.—J. Saxild and С. Е. A. Inger- 
slev: Quay walls and piers. 

264,254.—I. Gardner: Concrete struc- 
tures. 

264,547.—The Duke of Atholl: Building 
construction. 

264,580.—]. Muller: Concrete blocks. 

264,711.—P. Cadre: Cement. 

264,715.—G. Maxwell: Concrete-block 
construction. 

264,760.—J. Fahey: Moulding concrete. 

264,782.—The Duke of Atholl: Building 
construction. 
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NEW COMPANIES REGISTERED. 


New Companies Registered. 


ANSTON STONE AND CONCRETE Co., 
LTD. (219329). Registered, February г. 
Nominal capital, £3,000. 

CONCRETE FORM ERECTING AND CON- 
STRUCTION Co., LTD. (217830). Regis- 
tered November 29. Contractors for erect- 
ing shuttering for concrete construction, 
builders, etc. Nominal capital, £200. 
Directors: A. A. A. Byrd, Chase Side, 
Crescent Road, Chingford; H. Tuckey, 
II Allington Street, Brixton Hill, S.W. ; 
A. W. Surridge. 

CORNWALL CONCRETE CONSTRUCTION 
Co., Ltp. (217573). Registered Nov- 
‚ ember 17. Stone merchants and makers 
of concrete blocks, Commercial Square, 
Camborne. Nominal capital, £5,000. 
Directors: W. F. S. Hodge, The Public 
Rooms, Truro; E C. Thomas, Commer- 
cial Square, Camborne; J. F. F. Tre- 
lawney, 639 Salisbury House, London 
Wall, E.C. 

ПЕ Ros, BARTON & MESSMER, LTD. 
(218144). Registered December 13. To 
treat, manufacture and deal in cement, 
stone, concrete, etc. Nominal capital, 
£1,000. Directors: H. W. Newby 
(chairman) ; Otto Messmer ; D. de Rose, 
F. Barton. Subscribers: A. W. Slade, 
73 Nichols Square, Hackney Road, E. ; 


C. G. Cave, 21 Cholmondeley Avenue, 
Harlesden, N.W.1o. 


NORTHERN CONCRETE BLOCK & SLAB 
Co., LTD. (218814). Ivy House, Mannby, 
near Thirsk, Yorks. (Registered Janu- 
ary 8.) Nominal capital £1,000. Direc- 
tors: F. H. Stephenson, 45 Eastwell 
Terrace, Ripon Road, Harrogate; G. A. 
Clarke, Ivy Bank, Haworth. 


OXFORD AND SHIPTON CEMENT LID. 
(219244). Registered January 27. To 
acquire the undertaking and business of 
the Oxford Portland Cement Co., Ltd., 
Kirtlington, Oxon. Directors: A. H. 
Dillon, J.P., Barton Lodge, Steeple 
Aston, Oxford ; Sir John Brunner, Bt, 
43 Harrington Gardens, 5.УУ.7, Lord 
Ivor Spencer Churchill, 9 Chelsea Em- 
bankment, S.W.; G. V. Maxted, Rhondda, 
Barnet Lane, Elstree; H. L. Mond, 45 
Green Street, W.r; H. S. Wilson, 13 
Southwell Gardens, S.W. 


PATCHETTS CONCRETE WORKS LTD. 
(219054). Registered January o. 
Nominal capital: £2,000. Provisional 
directors: W. J. Patchetts, 4 Crofton 
Avenue, Hillsborough, Sheffeld; W. 
Waterhouse, 122 Brincliffe Edge Road, 
Sheffield. 


Trade Notices. 


Road Reinforcement.—Electrically welded square mesh B.R.C. fabric, which 
is supplied in rolls, is being used in the foundation of the Borough High Street, also 
at the junction of Waterloo Road and Westminster Bridge Road, London. This 
work is being done under the direction of Mr. A. Harrison, the Surveyor for the 
Southwark Borough Council. 


Edgar Allen & Co., Ltd.—We have received from Messrs. Edgar Allen & Co., 
Ltd., of Sheffield, a new book issued by them entitled ' A Century of Permanent Way," 
by Mr. F. Bland, M.I.Mech.E., F.S.A. The first section contains Mr. Bland's paper 
under this title delivered last year at the Annual Convention of the Permanent Way 
Institution, and also his interesting paper on '' Atmospheric Railways " recently 
published in the “ Edgar Allen News." Both these papers give historical details 
in connection with the growth of permanent way. The second section of the book 
is entitled “ Modern Manganese Steel Trackwork," and replaces the old Edgar Allen 
Catalogue Е (“ Railway Switches and Crossings "). This section describes the 
development in the use of Imperial manganese steel for railway track-work, indicates 
the advantages of patent-rolled manganese steel rails, and contains a number of 
interesting technical details and tables of use to all permanent way engineers, besides 
a large number of illustrations of track-work produced by the firm. It is inter- 
esting to note that thirty-seven of the world's railways have placed orders with 
this firm for Imperial manganese steel track-work.—We have also received a copy 
of the second edition of “ Imperial Stainless Steel and Iron," which gives the main 
facts about rust-resisting steels, including notes on mechanical properties, heat-treat- 
ments, and uses. 
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EDITORIAL NOTE. 


Bridge Failure in Germany. 


As the daily press reported a few months ago, the new bridge over the river Oder 
at Gartz, which is about fifteen miles above Stettin, was destroyed on September 
19 of last year. Although the cause of this disaster, which occurred only a week 
before the date arranged for the opening ceremony, has not been finally established, 
still it is agreed that the accident arose from the failure of one of the piers which 
dragged the adjacent spans into the river. 

The structure was of three spans, the middle one of about 190 ft. and the 
two equal side spans of about 123 ft. each; the superstructure was constructed 
as two-hinged arched ribs with tie-rods. High-strength cement and high-tensile 
stecl were used for the members, which were subjected to pure tension. The 
whole structure was poured by chuting in the remarkably short time of four 
months. 

As a result of the accident the superstructure of the south span was pushed 
about one yard over its support at the bank end and remained with its end lean- 
Ing against this support. The other end of this span, which originally was 
supported by the pier which failed, was precipitated into the bed of the river 
about 40 ft. below. The arc of the middle span was shattered by the impact of 
the fall at the place where the first wind-bracing member was connected to it. 

In view of the very high stresses which must have been caused by the fall 
of the span it is interesting to note that the south span of the bridge does not 
show the smallest damage or the slightest crack in either the arch or the floor. 
The tie member alone exhibits a slight hair crack. This remarkable behaviour 
of the superstructure, over its greater part, is clear evidence of the suitability of 
the material to resist such extraordinary impact stresses and of the care which 
had been exercised during the construction of the work. 

In the middle span the arch was broken in two places (sce illustration on 
Р. 236) where the main steel was bent into an S-curve of extraordinarily sharp 
radii without cracking any of the bars. The stirrups on the upper side of the 
arched beam yielded to the high stresses and cracked, but on the lower side no 
cracks were visible. Cracks in the concrete are visible in portions of the curved 
beam which lie above the water. 

We have not referred to this accident before in view of the lack of adequate 
technical data, and even at this stage no authoritative statements as to the cause 


233 ` 


BRIDGE FAILURE IN GERMANY. 


CONCRETE 


have been made public. The information here given is abstracted from the German 
technical press, but until the official report of the examination of the site and 
structure is available it will not be possible to be certain of the cause of the 
disaster. So far it is only certain that the structure has exhibited an extra- 
ordinary resistance to incalculable stresses caused by the accident, 


Scientific Proportioning. 


READERS of this journal who have studied the articles we have published from 
time to time on the cement-water-ratio method of designing concrete mixtures 
will be interested to know that the subject has now been taken up in the Depart- 
ment of Civil Engineering at the University of Edgbaston under the direction of 
Professor Cyril Batho, D.Sc., A.M.Inst.C.E. The fourth-year students at Bir- 
mingham are now carrying out work in this direction as part of their Laboratory 
course, and we understand that other engineering schools are considering the 
question of including the design of concrete mixes for specific strength as part 
of the regular courses. 

In this number we give an abstract from a report of a committee on the 
American Concrete Institute specially set up to consider the matter from the 
practical and economical points of view, from which it will be seen that leading 
engineers and contractors favour this method of designing concrete mixes on 
account of the control over strength which it gives to the engineer and the 
saving in cement effected by the contractor. 


An Extraordinary Test. 


IN this number we give some particulars of the raising of a reinforced concrete 
coal bunker that, owing to subsidence, had sunk a distance of 7 ft. at one end 
only. After the subsidence no trace of a crack could be found in the whole of 
the structure, which is 143 ft. long by 27 ft. wide by 21 ft. high, and it was success- 
fully raised into its original position without damaging it in any way. This incident 
is a striking testimony to the strength of a well-built concrete structure, and to 
the cohesion of the members under exceptionally heavy stresses that could not 
have been anticipated in the design. It is doubtful whether any other structural 
material would have successfully withstood such a strain, or have been replaced 
without rebuilding. 


Cast Stone. 


IN this number we illustrate a few buildings recently completed with cast stone 
elevations, which give some indication of the increasing popularity of this material 
for the elevations of important buildings in London and elsewhere. The recon- 
struction of some of the central districts combined with the increased costs have 
caused architects to look beyond the materials which they have become accustomed 
to specify almost automatically, and cast stone is one of the “ discoveries ” that 
have resulted from the search for something that is in all respects the equal of 
usual materials but cheaper. The modern cast stone, which is simply natural 
stone crushed and reconstructed with Portland cement so that it may be shaped 
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Cast Stone Thirty-Five Years Old. 


[Пиз ornamental work, which is on Messrs. Pryke and Palmer's premises in Upper Thames 
Street, London, was made by Stuart’s Granolithic Co., Ltd., thirty-five years ago. Its 
present excellent condition may be seen from the photograph. | 


by the less expensive method of moulding instead of cutting, is gaining in favour 
with leading architects with a reputation for conservativeness, as may be seen 
by its extensive use on important public and private buildings. Doubts have 
sometimes been expressed as to the wearing properties of cast stone, and as to 
how it will withstand the ravages of London's smoke-laden atmosphere. The 
material is, of course, of too recent date for comparisons to be made with natural 
‘tones erected centuries ago, but some of the earliest cast stone made in this 
Country is still in excellent condition. We illustrate on this page a piece of 
decorative cast stone that has been in position for thirty-five years in Upper 
Thames Street ; there is а specimen in Limehouse forty years old, which must 
be one of the very first pieces made and shows no deterioration whatever after 
its long exposure to the sulphurous atmosphere in which it stands. It is inter- 
Sung to note that in both these cases Portland stone erected at the same time 
eri side with the cast stone shows considerable disintegration. Another 
бә its s: “qawa stone side by side with natural stone 18 to be seen by any passer-by 
ibo aad pa House on Victoria Embankment ; both were erected thirty years 
чара е two have weathered and blended together so well that it is quite 
um e to distinguish the one from the other from their appearance—the cast 
Work is the coat of arms and urns over the entrance. 
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Break in Middle Span 


Bridge Collapse in Germany. (See page 233.) 
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THE CALCULATION OF CIRCULAR TANKS. 


А Contribution to the Calculation of Circular 
Tanks in Reinforced Concrete. 


By H. CARPENTER. 


ЇЕ the sides of a circular tank are monolithic with its base, not only do tensional 
stresses occur in the wall, but also bending stresses produced by the restraining 
effect of the base slab. 

Referring to Fig. 1, the load produced by the water pressure is represented 
by a triangle varying from zero at water level to a maximum at the base. The 
load at any depth x is given by the equation px = wx, w being the weight of 
water per unit volume. 

Let us now from a statical point of view imagine that the tank wall is divided 
into two series of structural elements normal to each other, a number of horizontal 
rngs, and a series of vertical beams. The latter act as cantilevers with their 
ends fixed in the base slab and having their free ends at the top of the wall. 
The two structural components are clearly expressed by the arrangement of the 
reinforcement in the shape of horizontal rings and vertical rods. 

It is obvious that the amount of the triangular load acting in the lower parts 
of the wall will be carried by the cantilevers. The upper portions are taken by 
the rings. A line separating from each other the portions of the load carried 
by the two elements is shown in Fig. 1, where the cantilever load has received 
à vertical shading. 

In examining the “ load distribution line ” we note two characteristic features 
as follows: At the bottom of the wall the total pressure is taken by the canti- 


Fig. 1. 


us Due to the assumption of perfect fixity of the staves into the base slab, 
Яс о will be zero. Therefore the rings will receive no load at all, and 
% " Р. = wh at lowest section. TD | | 
Ж € top parts of the wall fc is of opposite sign, 1.e. the cantilevers receive 
ЭР upper part a negative load. If по such load of opposite sign were acting 
| € top of the wall the cantilevers would there receive their greatest deflec- 


tions : š : : 
is E this obviously cannot be the case owing to the restraint afforded by 
5, 


It will be see 
Posed of the for 
Ting 
the wall 


n from Fig. 1 that the load carried by the cantilevers is com- 
ces W and — A acting with opposite sign. They produce a 
aoe as shown in the adjoining diagram. In the middle portions of 
the moment is reversed due to the effect of the small force A. 
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The exact determination of the load distribution line for a given case depends 
on the exact knowledge of the deflections at every point of the wall. But this is 
a tedious task, too lengthy for practical purposes. For this reason the writer ` 
proposes to utilise an article by Dr. Lewes, published in “ Beton u. Eisen ” (March 
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Diagram: Fig. 2. 


I915) by the way of giving tables based on the information available in that 
paper, which is an excellent treatment of the subject from a theoretical point 
of view. 


Fig. 2 has been plotted for the calculation of the maximum value of ring 
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THE CALCULATION OF CIRCULAR TANKS. 


tenion and its position as indicated by the diagram at the top of the table. 


For given values of the ratio EERE Oh NUM and different thicknesses expressed 
diameter of tank 


in terms of the height of the tank the values in question may be readily cal- 
culated with the formule given on the table. 

The mount of the restraint moment at the bottom of the tank may be obtained 
from Diagram Fig. 3. 

The following approximate method of obtaining the restraint moment will 
be of interest, and it will be seen that its results check satisfactorily with those 
obtained by Table Fig. 3. 

Let, in Fig. 4, curve abc represent the load distribution line. The vertical 
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Diagram: Fig. 3. 


“taves are loaded with the forces W and — A, whereas R and -- A are balanced 
5 dni horizontal rings. Now replace curve ac by a straight line ас. In order 
ا‎ бану the increase of W, assume a force — a (represented by the shaded 
a Нил acting at the centre of gravity of a. Forces A and a combined produce 
Hiis em х acting near point c. Further to simplify the calculations we 
tangent t € point of application of x to be exactly at c, and also the vertical 
With "d the curve near point c to pass exactly through c. 

manner X simplifications we may determine the restraint moment in a simple 
represent d e cantilevers (Fig. 5, а) are fixed at a, loaded with a triangular load 

ed by the diagram aa'c' and a concentrated load x acting with opposite 
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sign at с”, and have a vertical tangent passing through point с’. The equation 
to the bending moment at any point is 


Е14у? 
M = : 
d?x 
Referring to Fig. 5 (b) we have 
2 3 
MEI EV LM t 
d?x 6 61 "| 
Now x = Í — x, and dx = — ам, 
2 3 
therefore EI ا‎ + M 


А d lx? 3 
Integrating EI ы = Ф - ЁС “а + С, 


At point c' the tangent was assumed to be vertical, therefore 


for x = o and х, = L, end 


dx, 
and therefore С: = 
Еог FS en 
dx, 
3 3 
Hence o = рр” à M.I 
24 I2 2 
_ ph 
Y 12. 


There now remains the determination of the value of J. This could be done 
by further developing the analysis, but this would lead to lengthy expressions 


not suitable for practical design. For this reason it is proposed to utilise the 
curves in diagram Fig. 2, where the values of / for a tank of given dimensions 
may be readily obtained. It will be seen from the following examples that this 


method gives quite reasonable results for tanks with values of — 2279 


Іп many cases the upper parts of a tank are connected to а roof or dome. 
But this has little influence on tanks of the usual dimensions owing to the deflec- 
tions at the top being so small that they may be neglected altogether. | 

It should be always borne in mind that the assumption of perfect fixit 
the wall into the base slab was made, and also that the value of EI was suppos? 
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to be constant throughout the height of the tank wall. It is, of course, left to 
the designer's judgment whether and to what extent the formule hold in any 
particular case. At any rate they give a fair idea of the elastic properties of 
the tank and should be of assistance to the engineer in preparing the necessary 
calculations. 

Examples :— 

(1) Design a tank with dimensions as follows :— 
h — 20 ft., d — 20 ft., d, — 8 ins. 


Л 20 h 
ates ТО. 4, = --, 
d 20 30 
From diagram Fig. 2 we obtain maximum ring tension 
T = 78 x 20 X 10 X 62:5 = 9750 lbs. /ft. 
occurring at l = -24 x 20 = 48 ft. 
Diagram Fig. 3 gives 
10% x -67? x 62:5 эг? 


M, — 192 х X 12 = 26,800 ins.-lbs. 
12 Х 20 


ог, by approximate method 


Q2 
M, = (62:5 х 20) х e X 12 = 27,800 ins.-lbs. 
(2) h = 20 ft., d = 50 ft., d, = 12 ins. 
h 20 h 
-- = - = 0':4, d, == us 
d 50 дэл 20 


max. T = 0:58 x 20 X 25 X 62:5 = 18,125 lbs. /ft. 
| = 039 x20 = 78 ft. 

25? x ro? x 62:5 5 
12 Х 20 


М, — 45 X I2 = 88,000 ins.-lbs. 


or, approximately 
| 7-82 | 
as Х 12 = 77,000 ins.-lbs. 
This result is less accurate, owing to the shape of the load distribution line for 
4 tank of the given dimensions being not quite in agreement with the assumptions 
made in the approximate method. 
(3) h = 20 ft., d = 50 ft., d, = 15 ins. 
Л 20 h 
She. Saya et. 
d 50 Шы 16 
тах. Т-- 0:54 X 20 X 25 X 62:5 = 16,875 lbs. /ft. 
l = 0425 x 20 = 85 ft. 
25? x 1:25? x 62-5 
I2 X 20 


M, — (62:5 x 20) х 


M, —35 x X 12 = 107,000 ins.-]bs. 


It will be see 
n f 
the wall th 22 


ment with 


hese examples that the bigger the radius and the stiffer 
e greater will be the restraint moment, a result that is well in agree- 
Practical considerations. 
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VIADUCT AND BRIDGE AT BARKING. 


and Bridge at Barking. 


By GORDON WELCH, B.Sc., A.C.G-L., A.M. Inst.C:E: 


i of which a brief description are of the curtain wall and counterfort 
] ebruary number of type. The height from road level at 


appeared 10 the F 
Concrete and Constructional Engineering, Jenkins Lane to the deck level of the 
ich is also the top of the abut- 


was commenced in May, 1924» and is now viaduct, wh 
leted. On account of its large spans ment wall, is approximately 23 ft. and 
j the thickness of the wall (which is hori- 


zontally reinforced) varies from I 5$ in. 
come, the importance of its position on à at the base to 7 іп, at the top. The 
new arterial road, and its unusual archi- flanking walls to the 
tectural features, this work is of more similar construction, 


than ordinary interest. 
Fig. 2 15 а photograph of the 141. 


good impression of the work as 4 whole. heavily reinforced, have been inserted. 


The length between abutments is 670 Ít., These piers, together with the horizontal 


divided between the viaduct, which has rustications of the wall, break up the 


ridge proper face of the abutment into panels and give 


a length of 365 ft., and the b 
(305 ft.). The overall length of the an appearance of great strength. 


bridge and viaduct is 720 ft. The width The abutme 
between parapets is 50 ft. providing 4 each footwalk, by pylons of massive form 
30 ft. roadway and а 10-Ё. side walk which provide very significant punctu- 


on each side. 
A drawing of the west abutment and The columns to the viaduct are also 


span over Jenkins Lane in Fig. 5, and founded upon piles 14 in. square, driven 
of the east abutment and river spans in in groups into good ballast and tied to- 
Fig. 4, show clearly the typical massive gether below ground level by 10-in. by 
lines and the pleasing effect obtained by 14-10. reinforced concrete ties. Each 
the use of reeded Or fluted shuttering — gIOUP of columns consists of two inner 
throughout the work. columns 24 in. i 

The abutments, founded upon piles eight bars of 1 in. diameter and two outer 
14 in. square driven into good ballast, columns 24 in. square at ground level but 


Fig. 1.— Model of West Abutment. 


GORDON WELCH. 


Fig. 2—NEW VIADUCT AND BRIDGE АТ BAR 


increasing in section to 24 ir. by 42 in. 
at the springing of the cantilevers which 
carry the parapets and pipe ducts; the 
inner face of these columns is kept 
vertical and the increased dimension ob- 
tained by sloping outwards of the outer 
face. This unusual architectural feature 
is very pleasing in effect, giving an ap- 
pearance of additional strength at the 
point of juncture of two very important 
structural members. The column heads 
are tied together just below deck by deep 
cross-beams 15 in. by 66 in., reinforced 
with nine bars rj in. diameter top and 
bottom. In addition, diagonal braces, 
10 in. by 18 in., reinforced with four bars 
1] in. diameter, give transverse stiffness 
to each frame. A typical cross-section 
of the viaduct is given in Fig. 3. <A 
plan and longitudinal section are given 
оп pp, 260-261. 

The cantilevers to both viaduct and 
bridge are again an architectural inno- 
vation; an elevation and cross-section 
are shown in Fig. 3. Тһе dimensions here 
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given are those for the viaduct where 
the reinforcement consists of six bars 
13 in. diameter top and bottom with links 
# in. diameter spaced 4 in. apart. Bars 
were left projecting from these cantilevers 
in order to bond up with the parapet 
and parapet piers, which were to be con- 
structed later. 

The four river piers to the bridge are 
of mass concrete construction carried 
down to a depth of 42 ft. below high water 
and approximately 28 ft. below the bed 
of the river and founded upon spread 
footings upon solid clay. The total 
height of these piers from foundation 
level to the top is 50 ft., and the length 
of each over cutwaters is also 5o ft. 
The thickness of each pier is 8 ft., the 
width of the footings being varied accord- 
ing to the loads to be carried. (Photo- 
graphs of these piers under construction 
and of the steel sheet pile cofferdams 
employed were given in Concrete and 
Constructional Engineering for February, 


1927.) 


VIADUCT AND BRIDGE АТ BARKING. 


;'WEING (FROM AN EIGHTH-IN 


T W... ХР. a Сэ MSS 


| The two landward piers, although really 
in mass concrete, have been reinforced by 
the addition of vertical and horizontal 
bars near each face so that in the event 
of future dredging of the creek these 
piers will be amply strong to resist bend- 
ing stresses due to unequal pressures of 
earth. 

The columns to the bridge are 36 in. 
square, built up from the mass concrete 
piers in groups as for the viaduct; the 
outer columns in each group increase to 
36 in. by 54 in. at the springing of the 
cantilevers. 

These cantilevers are similar to those 
of the viaduct, but owing to the heavier 
loads brought upon them from the 69-ft. 
and 80-ft. spans of the bridge the dimen- 
sions and reinforcements have been cor- 
respondingly increased. The parapet and 
Pipe-duct give a load of a little over a 
ton per foot run, so that these cantilevers 
have to sustain a point load of nearly 
90 tons each and have for reinforcement 
ten I} т. diameter bars top and bottom 


R.C. Desi;n Бу L. G. Mouchel © Partners. 
CH SCALE MODEL). 


with links, $ in. diameter, spaced 5 in. 
apart. 

The decking to both viaduct and bridge 
consists of 7-in. concrete slab, reinforced 
between secondary beams by j-in. bars 
laid 44 in. apart. The secondary beams 
have a section of 8 in. by 16 in., and are 
reinforced with four {-іп. bars. The 
main beams spanning between columns 
are, for the viaduct 14 in. by 42 in., and 
have deep haunches where they intersect 
the supports. For the bridge, owing to 
the large skew of the river, the gradient 
of deck, and the necessity for keeping the 
sofit of beams at constant levels, the 
depth of the main beams varies along 
their length. In the centre of the 8o-ft. 
span it is 66 in. deep by 20 in. wide, 
reinforced with twenty 2-in. bars, twelve 
in the bottom and eight in the top. The 
two side spans of 69 ft. each are also 
heavily reinforced, being designed prac- 
tically as free spans owing to the fact 
that they were to be cast and stripped 
before the centre span was built. In this 
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VIADUCT AND BRIDGE AT BARKING. 


Fig. 4.—East Abutment and River Spans. 


.ase bars were left projecting from the 
ide span beams well into the centre span 
to which the future bars for this span 
could be easily spliced. 

Owing to the great length of the work 
it was thought necessary to provide an 
expansion joint and a complete severance 
of the work at two points. One of these 
joints occurs about 150 ft. from the west 
abutment and the other separates the 
viaduct and bridge. At these points a 
double group of columns has been intro- 
duced ; both groups, however, are founded 
upon the same group of piles so as to 
avoid any unequal settlement of the two 
parts. The amount of separation pro- 
vided between one portion and the next 
was I in., and since the work was carried 
out this has been found to be slightly in 
excess of the amount of movement actu- 
aliy taking place over these lengths due 
to changes of temperature. In order to 
avoid any inequality in the roadway sur- 
face at these joints, cast-steel dovetail 
expansion plates have been inserted to 
span the distance between adjoining 
portions of decking. 

The solid parapets of reinforced con- 
crete shown in section in Fig. 3 are of 
generous proportions, having a cope 
width of 14 in. and a thickness at the 
base of approximately 17 in. The total 
height from the soffit of the pipe-duct to 
the cope is 8 ft., which, allowing for the 


pipe-duct, gives a parapet height above 
pavement level of 4 ft. The outer face 
of the parapet is fluted, whilst that facing 
the roadway has a reeded surface. Ex- 
pansion joints to the parapets have been 
provided at every other pier where lamp 
standards do not occur. The free ends 
of the parapet where they bear on the 
cantilevers are provided with a mat of 
asphalted felt on which to slide, and are - 
tied back to the bridge just below pave- 
ment-level by reinforced concrete ties to 
prevent the possibility of their getting 
out of line. 

The pipe-ducts on each side of the 
bridge and viaduct are approximately 
7 ft. 6 in. wide in the clear, with a slab 
7 in. thick reinforced with 4-ш. bars 
spaced s in. apart. This slab spans 
between the parapet beam and a ledge 
provided along the face of the outer main 
beams to the bridge, and is free to move 
under changes of temperature upon a felt 
mat along this ledge. А lining to the 
ducts of 1 in. asphalte has been provided 
throughout the length of the bridge and 
viaduct, and the floor of the duct is laid 
to fall with weep pipes at intervals to 
drain off any water collecting in the ducts 
to the hopper heads and down pipes, 
which also run off the surface water from 
the deck itself. Some trouble was ex- 
perienced with this lining at the main 
expansion joints, where it was found that 
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5 and 5a.—West Abutment and Span over Jenkins Lane. 


Figs. 
[Note the remarkable similarity between the architect’s drawing, made before work 


was commenced, and the photograph of the finished work.] 
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Fig. 6.—Underside of Span over Jenkins Lane. 


the movement of the bridge under changes 
of temperature was too great for the 
elasticity of the asphalte; this resulted 
in cracking and the destruction of the 
watertight lining, and the difficulty was 
finally satisfactorily overcome by placing 
strips of expanded metal, bent into the 
form of an arch and embedded in the 
asphalte, to span these joints. 

Owing to the requirements of the Port 
of London Authority that the centre span 
of the bridge be left open as long as 
possible, and that on no account could 
staging be allowed in this span during 
construction of the work, it was necessary 
to leave the concreting of this span of the 
bridge until last, and then recourse had 
to be made to the use of trusses to carry 
the falsework and concrete for this por- 
tion. Owing to the coal strike and the 
difhculty of obtaining steel sections it was 
decided to use timber for these trusses. 
These were accordingly designed to span 
the whole of the 8o ft. between centres 
of piers (Figs. 7 and 7a). The question 


of deflection was given great attention 
and special precautions were taken to 
make allowance for this so as to preserve 
an even 500 to the beams where they 
finaly joined with the haunches at the 
columns which had been previously com- 
pleted. Two trusses, erected above deck 
level, were employed for each main beam, 
the beam boxes being slung from the panel 
points of trusses by means of steel rods 
passing through the decking. 

The lamp standards, twenty-two in 
number, were all pre-cast and transported 
to the site. These were provided with 
dowel bars set out to a template to drop 
into holes cored out in the parapet piers 
to receive them, and the holes were after- 
wards grouted up. A central tube run- 
ning from the pipe-duct, up the parapet 
piers, and through the lamp standard 
provides for the electric lighting leads to 
the bronze lanterns above. An eleva- 
tion and cross-section of these lamp 
standards is given in Fig. 3. 

The angle piers to the pylons were cast 
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Figs. 7 and 7a.— Temporary Trusses to Support Shuttering for 80-ft. 
Centre Span. 
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тунар VIADUCT AND BRIDGE АТ BARKING. 


One of the Pre-cast Concrete Lamp Posts. 


eto, as was also the top.- The height 
"om Pavement level to the soffit of the 
Pylon is 12 ft, and the work for this 


height was concreted in a single lift in 
order to avoid any irregularity of surface. 

The specification for surface finish of 
all faces exposed to view, whether reeded 
or not, required that no patching, trowel- 
ling, or rubbing down would on any 
account be allowed. If it was found on 
stripping that any surface showed signs 
of defect, the concrete was specified to be 
cut away to expose the steel and the face 
be recast. 

It speaks well for the contractors that 
all the surface work has reached a very 
high standard, and but for a single 
exception no cutting back was necessary. 
Experiments were made upon the site to 
determine what mix and slump were 
required to give the best results with the 
various types of reeding employed, and 
these were rigidly adhered to throughout 
the work with correspondingly uniform 
results. 

The bridge, for which Messrs. L. G. 
Mouchel & Partners Ltd., of 38, Victoria 
Street, S.W.r, were appointed executive 
engineers by the Ministry of Transport, 
forms a link in the new Barking By-Pass 
Road which comes under the direction of 
Mr. A. J. Lyddon, M.Inst.C.E., Chief 
Engineer of the Arterial Roads Depart- 
ment of the Ministry of Transport. Mr. 
Maxwell Ayrton, F.R.I.B.A., was respon- 
sible for the architectural treatment. 
Mr. H. S. Newmarch, A.M.Inst.C.E., 
acted as resident engineer, and the whole 
of the bridge work was carried out by 
Messrs. Walter Jones & Sons, Ltd. The 
concrete lamp standards were supplied 
by Messrs. Emerson & Norris, Ltd., and 
the bronze lanterns by Messrs. J. УУ. 
Singer & Sons, Ltd. 
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TESTS ON FULL-SIZE SLABS. 


Tests on Full-Size Slabs. 


THERE has recently been published * an 
account of research work carried out at 
the Technical High School at Stuttgart 
on the strength of rectangular slabs of 
large scantling reinforced in different 
manners and submitted to uniform load- 
ing. 

This small volume contains a very full 
account of Professor Graf's experimental 
work and is well illustrated with diagrams 
and photographs showing the slabs and 
the cracks which developed in them under 
increasing loads (see page 252). 

The results of these tests, which are 
of considerable importance to reinforced 
concrete engineers, are summarised below. 


Materials used in Specimens. 


Gravel and saud from the Rhine were 
mixed with cement from the Nürtingen 
works which showed a resistance to com- 
pression of 5,159 lbs. рег sq. in. after 
combined storage of 28 days (1 day in 
damp air, 6 days in water, and 21 days 
in air). The elastic limit of the 7 mm. 
rods used averaged 41,000 lbs. per sq. in. 
and the ultimate strength 60,000 lbs. per 
Sq. п. All the concrete was mixed in 
the proportion of 1 part of cement to 5 
parts of gravel and sand, by volume, with 
10:1 per cent. of water by weight. In 
the finished concrete there were 515 lbs. 
of cement to each cubic vard. 

At the time of testing the slabs and 

ams the resistance of the concrete to 
Compression was tested on cubes with 
the following results : 

Slab No, . 
Age (months) 

Tom (10% іп. 2) 

То ilb.ins.3) | 
Ауегаре 


1077 1079 1081 1083 1085 
19 19 23 20 18 
4,420 4,160 4,190 4,800 5,000 
4,080 4,190 3,950 4,720 5,090 

— 4,450 lbs. per sq. in. 


The Strength on prisms was about 79 
Per cent. of that on cubes. 


| Description of Specimens. 
Five slabs 
13 ft. 7 in, ] 
In. thick. 
ollows : 


SI 
U ab 1077.—Equal, equidistant mesh 
Езер Che mit alls 


In all were cast, each being 
Ong, 7 ft. I in. wide and 4} 
These were reinforced as 


eitig aufliegenden rechteckigen 
Ernst len, By O. Graf. Berlin: W. 
D. Price R.M. 6.90. 
D 


in both directions with the shorter bars 
underneath. Ends of bars hooked round 
a 14-in. mandrel witha 2 in. tail. Cover on 
bars, o:4 in. Diameter of bars, ? mm. 
Weight of steel = 122 lbs., or 12-7 lbs. 
per sq. yd. 

Slab 1079.—Same steel except in the 
longer direction where there are eleven 
7-mm. rods at 8-in. spacing, instead of 
twenty-oneat4in. Weight of steel — 94 
lbs., or 9:8 per sq. yd. 

Slab 1081.—As before for bars parallel 
to short side, but with six 7-mm. bars 
at 12 to 18 in. parallel to the longer side. 
Weight of steel = 80:2 lbs., or 8-4 lbs. 
per sq. yd. 

Slab 1083.—As before for bars parallel 
to shorter side, but with five 5-mm. rods 
parallel to the longer side. Weight of 
steel = 71 lbs., or 7:4 Ibs. рег sq. yd. 

Slab 1085.—7-mm. bars at 2:2 in. 
centres parallel to the shorter side, and 
with eight 5-mm. bars at from II-o to 
II:4 in. centres parallel to the longer 
side. Weight of steel — 127 lbs., or 13:2 
lbs. per sq. yd. 

In addition to the slabs five beams were 
cast each being 7 ft. 1 in. long, 1 ft. 8 in. 
wide and 4? in. deep. These were tested 
on a 6 ft. 3 in. span. The reinforcement 
was similar to that in the slabs, and all 
were tested under uniformly distributed 
loading. 


RESULTS or TESTS. 


Loading at first crack and failure. 


Slab No. Ibs. Ibs. 
1077 . . 34,000 77,000 
1079 39,600 68,100 
1081 35,200 63,900 
1083 47,200 61,500 
1085 47,200 106,000 


The first crack appeared in all the slabs 
in the middle part of the undersurface 
(see “ c,” page 252). 

Beam No. . 


Load at first 
crack (lbs.) 3,750 4,400 4,400 4,510 5,060 lbs. 


1078 1080 1082 1084 1086 


In the test of slab No. 1077 a second 
crack appeared at '' b” under a load of 
44,000 lbs. At 48,400 lbs. the lengths 
of the cracks increased, that at “а” 
becoming 7 ft. 6 in. Most of the cracks 


were then parallel to the long side but 
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TESTS ON FULL-SIZE SLABS. 


some ran in the direction of the corners 
at an angle of 45 deg. Ata load of 66,000 
lbs. the crack “а” was 0-06 in. wide. 

Ratios of maximum load to total weight 
of steel for the slabs tested. 


Slab No. Ratio. 
1977- 628 
1079. 726 
1081 . 794 
1083 . 870 
1085 . 830 


These figures represent the load carried, 
by similar slabs, differently reinforced, 
by each pound of steel, and may be called 
the relative efficiencies of the slabs for 
ultimate loads. 

The elastic and permanent deforma- 
tions of the slabs were also measured at 
many points. 

It will beseen from the illustration that 
the mesh-reinforced slab No. 1077 (i.e. 
one having equal steel per foot-run in 
both rectangular directions), in which the 
first crack appeared at a load of 34,000 
lbs., did not develop cracks along the 
lines bisecting the angles at the corners 
until the load reached nearly 14 times 
that required to produce the first crack 
in the slab centre, parallel to the long 
axis of the slab. This is at variance with 
the basis of a commonly-used method of 
design in which it is supposed that the 
cracks start simultaneously at all points 
of the ultimate broken boundary of the 
slab, i.e. the figure formed by the bisectors 
of the angles and a line through the long 
axis of the slab. 

The results of Professor Graf's re- 
searches indicate that the design of mesh- 
reinforced slabs as commonly carried out 
is open to question. A comparison of 
the loads producing first cracks shows 
that slabs No. 1079 and 1083 supported 
higher loads than slab No. 1077 which 
had heavier reinforcement in the longi- 
tudinal direction. From these results 
one is inclined to question whether the 
value of mesh reinforcement has not been 
over-rated in the past. It is not advis- 
able to be dogmatic on the results of a 
limited number of tests, however care- 
fully they have been carried out, but 
plainly there is some doubt concerning 
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( Made by Emerson 4» Norris, Ltd, 
Cast Stone Lamp Standard. 
Mr. Maxwell Ayrton, F.R.I.B.A., 
Architect. 


the value of reinforcement placed parallel 
to the long axis of a rectangular slab. 
The practice of some designers who insert 
steel running in what may be called 
unnatural directions and assume that such 
steel takes a load in these directions 
seems to be disproved by these experi- 
ments.—W. S. G. 
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CONCRETE CATHEDRAL АТ DEMERARA. 


Reinforced Concrete Cathedral at Demerara. 
By HERBERT E. STEINBERG, M.Inst.C.E. 


EARLY in 1914, the late Leonard Stokes, 
PP.R.LB.A., was invited to visit Dem- 
erara, British Guiana, in connection with 
the re-building of the Roman Catholic 
Cathedral, the original structure having 
been destroyed by fire. 

From the information available as to 
the quality of the soil it appeared that 
there might be some difficulty in pro- 
viding adequate foundations, and the 
writer was asked to accompany Mr. 
Stokes as advisory engineer. The adop- 
tion of reinforced concrete piles had been 
suggested, but on arrival in Georgetown, 
and after full investigation, it was found 
that the use of piles for supporting 
buildings in this part of the Colony had 
not been particularly satisfactory owing 
to the nature of the soil, which consists 
of a waterlogged silt of very considerable 
depth. 

From information obtainable, and 
observations made of existing buildings, 
It was considered that the surface of 
the ground might safely be loaded to 
half a ton per sq. ft. So small a ground 
Pressure made it impossible to design 


Georgetown Cathedral, Demerara : 


the Cathedral in any other permanent 
material except reinforced concrete, and 
even with this there was considerable 
difficulty in reducing the thickness of 
the walls, etc., sufficiently to keep the 
ground pressure within the agreed limit. 

In consequence, it was necessary to 
spread the weight of the superstructure 
over the whole area occupied by the 
Cathedral, and this was accomplished by 
means of a reinforced concrete cellular 
raft, the bottom slab of which rests on 
the surface of the ground and the top 
slab forming the floor of the Cathedral, 
the total height of the raft being about 
6 ft. With the object of keeping the 
ground pressure as uniform as possible 
all over the area of the site, panels in 
the bottom slab of the raft were deleted 
in those parts of the building loaded less 
heavily than the portion under the tower. 

The actual construction was delayed 
considerably by the war, but the main 
part of the work is now complete and 
the photographs show the appearance of 
the interior. 

In the twelve years which have elapsed 
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Views in Georgetown Cathedral, Demerara. 
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An Exterior View of Georgetown Cathedral, 
Demerara. 


since this building was designed the 
advantages of reinforced concrete have 
become more generally recognised by 
architects, and its adoption has enor- 
mously increased. Credit should there- 
fore be given to Mr. Stokes for his bold- 
ness in utilising reinforced concrete for 
so important a work, and also on account 
of the use of concrete made of white 
Portland cement. This was employed 
for the mullions and tracery in the 
windows, and for a large part of the 
interior of the Church. Coloured con- 
crete in red and black squares was also 
adopted for the floor of the Cathedral. 

The writer has just returned from a 
visit to the West Indies, and took the 
opportunity of making a close inspection 
of the new building. "With the exception 


CONCRETE CATHEDRAL AT DEMERARA. 


of the west front, the exterior surface 
has been left as from the shuttering, and 
in consequence does not give a true idea 
of what the finished appearance will be. 
The Cathedral has, however, been open 
for services for some time, and the 
interior is practically complete with the 
exception of a small amount of sur- 
face rendering to be done at certain 
points. 

The whole of the internal work is 
also in reinforced concrete, and finished 
with white Portland cement. The system 
of natural ventilation requires a large 
number of grids of different patterns, 
all of which are in white Portland cement 
concrete, extraordinarily well carried 
out. The slats of the louvres underneath 
all the windows are also in the same 
material. The appearance of the inside 
of the Church is most impressive. It is 
light, airy and spacious, but, at the 
same time, full of a quiet religious feeling. 

Тһе work at present is finished up to 
the level of the base of the tower, and 
it is hoped to recommence work this 
year (if funds permit), and complete 
both the tower and the spire. Кеіп- 
forcing bars have been left projecting 
from the concrete already deposited to 
form the necessary connection. 

A close examination of the entire 
structure from top to bottom failed to 
reveal any cracks either in the raft or 
the superstructure, and there appears to 
be no reason why the Cathedral should 
not last indefinitely without any expense 
on upkeep. The coloured pigments used 
for the surfacing of the floor have, how- 
ever, not always been entirely satisfac- 
tory. The red pigment used for certain 
panels in the floor at the west end has 
apparently, in six years, caused the 
cement to disintegrate. The use of this 
colour was therefore abandoned in the 
later part of the work. 

The details of the reinforced concrete 
work for such a structure were neces- 
sarily complex, and the working drawings 
showing the location of the reinforcing 
bars, which were prepared by Messrs. 
Considére Constructions, Ltd., had to be 
construed by black labour totally un- 
accustomed (at the beginning of the job) 
to this class of work. The raft was car- 
ried out by a local contractor under the 
efficient supervision of a Scotch clerk of 
the works, but the superstructure was 
built by direct labour employed by the 
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Church authorities and directed by Mr. 
A. Walker. The result could not be 
bettered in this country, even if built 
by a firm of contractors specialising in 
reinforced concrete, and the Cathedral 
demonstrates conclusively the suitability 
of reinforced concrete work for bridges 
and buildings abroad. 

The necessary materials are easily 
shipped : minor alterations can be dealt 
with on the site, and the work, when 
finished, is absolutely permanent and 
requires no maintenance whatsoever, 
whatever the climatic conditions may be. 
It is, of course, necessary for good stone 
and sand to be available on the site at 


reasonable prices, and it is absolutely 
essential for a competent clerk of the 
works, highly trained in reinforced con- 
crete construction, to be in charge of the 
operations. 

Difficulties will, of course, be met with 
at the commencement of the job ii 
training the native labour, but these 
rapidly disappear as the work proceeds, 
and the fact that no expensiv« plant or 
tackle is required for lifting heavy 
weights is a point of great imponance. 
Judged by European standards ihe 
native labour is undoubtedly inefficient, 
but this is compensated for by the lower 
rates of wages. 


Interior View of Georgetown Cathedral, Demerara. 
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Pile Foundations. 


THE following is abstracted from' a paper, 
by Mr. J. P. Porter, B.Sc., A.M.Inst. 
C.E., to be brought forward for dis- 
cussion at the Institution of Civil Engin- 
cers. The deals with the solution 
of the particular problems involved at the 
points where the Watford Branch, Metro- 
politan Railway, and the Watford By- 
Pass Arterial Road, cross the valley 
depressions which practically surround 
Watford. 

The author discusses the investigation 
of site conditions by means by trial piles, 
and considers the bearing value of piles, 
showing that this may be derived from 
piling formulas in the case of friction- 
supported piles only. Such formulas 
are of no value for piles acting as columns ; 
and the ''quality " of the supporting 
force may be deduced from the pile- 
driving charts. The bearing value of 
pile groups relative to the bearing values 
of the individual piles is also considered. 

Factors limiting the utility of piling 
formulas are considered, the most import- 
ant of these being that the bearing value 
immediately after driving bears no fixed 
relation to the bearing value after the 
sub-soil has had time to settle around the 
pile. The author recommends that trial 
piles be driven in stages to allow the true 
bearing value to be estimated. 

Regarding the form of a piling formula, 
the author is of the opinion that this 
should be an expression of the estimated 
ultimate resistance to driving after an 
interval for settlement of the sub-soil; 


and that the designing engineer should 
select the factor of safety to be applied, 
having due regard to the various factors 
involved. Considering the design of 
friction-supported piled foundations in 
general, the author believes that the 
collection of fully recorded data of many 
carefully conducted investigations is the 
most rational method of solving the pro- 
Мет; and he urges the appointment 
by the Institution of a ''Committee 
on Design ” charged with the collection 
and publication of accurate records in 
connection with this and other such 
mathematically indeterminate problems. 
These include the lateral support afforded 
by sub-soil to piles butting on rock and 
acting as columns, and the skin-friction 
resistance to the sinking of monoliths. 

Proceeding to the consideration of deep 
foundations, he shows that foundations 
depending on bearing action are to be pre- 
ferred to foundations utilising frictional 
support ; and that in the placing of deep 
foundations the overcoming of skin- 
friction pressure is one of the principal pro- 
blems. He indicates that, where they can 
be used, monolith foundations, excavated 
preferably ‘‘in the dry," are an efficient 
type of foundation ; and that such foun- 
dation will be relatively economical if the 
monoliths are so designed that they sink 
under their own weight. This condition 
will be fulfilled if the weight of the partly 
completed monolith is always sufficient 
to overcome the frictional resistance to 
sinking. 


[By Emerson & Norris, Ltd. 
Cast Stone Moulding : Cast in Sand. 
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[Reinforced Concrete Design Бу L. G. Mouchel & Partners. 
9 VIADUCT AT BARKING. (See f. 243.) 
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CAST STONE IN ARCHITECTURE. 
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(Ву Stuart's Granolithic Co., Ltd. 
Part of Doorway in Cast Portland Stone for a City Building. 
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(Cast Stone by Empire Stone Co., Lid. 
Cast Stone Doorway at Conservative Club, St. James's. 
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Section of Cornice. 


[By Emerson & Norris, Lid. 


Cast Stone Moulded in Sand, showing Surface Texture. 
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RAISING A REINFORCED CONCRETE BUNKER. 


Raising a Reinforced Concrete Coal Bunker. 


IN the course of a paper read before the 
Society of Engineers last month, Mr. M. E. 
Gerard gave some interesting particulars 
of the method of raising a 1,250-ton coal 
bunker that had settled 7 ft. at one end 
owing to subsidence. 

The bunker in question was one of two 
that had been built to provide storage for 
2,500 tons of coal on a tidal riverside site, 
with direct loading into barges. Each 
bunker is 143 ft. long, 27 ft. wide, and 
?1 ft. from cope level to the bottom of 
the bins. A space of 21 ft. 6 in. was pro- 
vided between the bunkers, bridged at the 
top to allow the passage of cranes from 
one bunker to the other. | 

Fig. 1 shows the general plan of the 
coal-handling plant. It being desired to 
bring barges directly under the bunkers, 
It was arranged to have, on a transverse 
section, supports only under the walls, 
leaving a clear space of 20 ft. between the 
fenders for the barges, as shown in Fig. 2. 
Each bunker was provided with only 
eight supports at 47 ft. 6 in. centres 
(Fig. 1). 

The load estimated to come upon the 
supports at each corner was slightly under 
250 tons, and that supported by each of 
the four intermediate supports slightly 
under 450 tons. The borings revealed 
Strata of 2 ft. of mud overlying a bed of 
compact gravel 7 ft. thick ; then a layer 
of 5 ft. of softish clay in which trial piles 
travelled at the rate of r in. for 3 blows 
of a 2-ton hammer with a 2 ft. 6 in. drop ; 
and finally a layer of hard blue clay ex- 
tending down for at least 17 ft. The 
foundations were designed to consist of 
groups of reinforced concrete piles 14 in. 


by 14 in. about 25 ft. long, driven into 
the ground for about 20 ft. After driv- 
ing, the upper 24 in. of concrete were 
removed so that the pile bars could be 
built into the concrete piers in the usual 
manner. There were 7 piles under each 
intermediate pier, and 4 piles under each 
corner pier. 

The piles had been specified to be 
driven until the set did not exceed 4 in. 
for the last 1o blows of a quick-acting 
2-ton hammer with a drop of 2 ft. 6 in. 
The set obtained in practice varied from 
} in. to $ in., but never exceeded that 
figure, and it was confidently expected 
that each pile would carry at least 65 tons 
with a factor of safety of 4 to 5. 

Soon after completion of the first bun- 
ker, and while the work was proceeding 
upon the second bunker, filling with coal 
was proceeded with. After a few hun- 
dred tons had been bunkered, a settlement 
of between 4 in. and 4 in. was noticed 
at the downstream end, but no great im- 
portance was attached to the fact. The 
bunker was kept under observation, and 
it became evident that settlement was 
really taking place, reaching 2 in. when 
the load was about 600 tons. When 
about 1,000 tons had been bunkered the 
downward movement began to accelerate, 
and within two hours one end of the bun- 
ker had sunk 7 ft. and then stopped, the 
level of the upstream end remaining prac- 
tically unaltered. A slight tilting of 
about 9 in. toward the shore side had 
also taken place. 

In reinstating the work, the first opera- 
tion consisted of releasing all the coal 
stored and in securing in position the 


Fig. 1. 
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heavy travelling cranes which ran along 
the topof thebunkers. The whole struc- 
ture remained uninjured during the move- 
ment, and inspection failed to reveal any 
crack in the wall or floor of the bunker. 
Тһе only cracking found was at the junc- 
tion of the upstream pier with the quay ; 
this point, which had not sunk, apparently 
acted as pivot during the movement. 
The top of the downstream end-wall got 
out of plumb by about 34 in. lengthways 
and about 9 in. laterally toward the quay 
frontage. In order to counteract any 
possible (although unlikely) tendency to 
overturn further, shoring was resorted to 
as well as the local conditions permitted. 

The excellent behaviour of the rein- 
forced concrete under the heavy stresses 
to which it was no doubt subjected during 
the sinking gave reasons to believe that 
the structure would withstand success- 
fully the process of raising and bringing 
back to its original level. It was esti- 
mated that demolition and rebuilding the 
bunker would have cost about /20,000, 
whereas about £8,000 was expected to 
cover the cost of raising and reinstating, 
and the latter would save time. A study 
of the cause of the subsidence having 
satisfied the engineers, Messrs. L. G. 
Mouchel & Partners, Ltd., that it was 
possible to form a safe foundation for the 
reinstated bunkers, the owners decided to 
follow their advice. 

In view of the very uneven sinking, the 
stresses during the raising would not all 
be vertical ; horizontal stresses also were 
expected. Further, as the heavy part of 
the structure was at a great height above 
the bottom of the river (36 ft.) the stresses 
were bound to be unequally distributed 
and the bracing of the supports presented 
difficulties. It was felt that this com- 
bination of circumstances rendered it 
somewhat risky to provide temporary 
trestles of timber or of steel. There was 
in addition difficulty in obtaining suitable 
steel sections. Consequently reinforced 
concrete was considered to be the more 
suitable and safer material. No delay 
was to be experienced in waiting for the 
concrete to harden, as it was decided to 
use aluminous cement for the construc- 
tion of the trestles, thus enabling the 
trestles to be used for raising the structure 
24 hours after their completion. 

It was ultimately resolved to erect 8 
ferro-concrete trestles. Four of Type А 
(Fig. 3) to be as near as possible to the 
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corner piers ; and four of Type B (Fig. 4) 
to be erected one around each of the 
4 intermediate piers. On each of the 
trestles A were set two hydraulic jacks, 
each able to lift 150 tons; and on each 
trestle B there were four similar jacks. 
All told there were 24 jacks, together able 
to lift a load of 3,600 tons. As the weight 
of the bunkers proper, after severance 
from the supports, and stripped as they 
would be of all the machinery for operat- 
ing the sluices of the chutes, etc. (but 
including the weight of the two travelling 
cranes weighing about 45 tons each, which 
were at work upon Bunker No. 1, and 
which it had been decided not to dis- 
mantle during the process of raising the 
bunkers), was slightly under 1,600 tons, 
each jack would be used to lift an average 
of only 70 tons. The margin was suth- 
cient to allow for the unavoidable excess 
load which might come now and then 
upon some of the jacks while others were 
not raising their full share. Three extra 
jacks were provided in case of emergency. 
Some of the jacks were provided with 
pressure gauges. 

Owing to the considerable inclination 
of the bunker it was desirable to take 
every precaution against the possibility 
of the whole structure pitching forward 
after the supporting columns had been 
cut through for the purpose of lifting. 
Although there was not much likelihood 
of this happening with the massive and 
stable arrangement of temporary trestles 
adopted, it was considered advisable to 
anchor the bunker back to the bases of 
some of the columns of the second portion 
of the bunker by means of strong steel 
cables. Screw attachments were pro- 
vided, and men were in attendance to 
keep the cables thoroughly tight during 
the process of raising, thus helping to 
pull the structure back to its original 
position. 

The design of the trestles of Type А 
does not present any special feature. The 
foundation slab was designed to reduce 
the load on the gravel bed of the river to 
a stress not exceeding 1:5 tons per sq. ft. 
The projecting parts on Figs. 3 and 4 
were to keep in position the packing pieces 
which were to be gradually inserted be- 
tween the trestle and the rising structure. 
It was very necessary that this packing 
(which had to be built up to a consider- 
able height, especially in the cases near 
the downstream end) should be in some 
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Way wedged up and held securely to the 
trestles. Had provision not been made 
for this disastrous results might have 
occurred towards the latter part of the 
lifting, with the huge mass of the bunker 
Supported entirely on loosely built gril- 
lages many feet in height. These projec- 
tions also afforded a means for the attach- 
ment of a platform for the men working 
the jacks, etc., which could be raised as 
required during the lifting process. The 
Stroke of the jacks was 6 in., and conse- 
quently it was necessary, after working 
the downstream end jacks up to 6 in., to 
pack up the structure, release the pres- 
sure, pack up the jack nearly 6 in. and 
start the operation again. 

_ Fig. 5 shows the various stages of the 
lifting and the gradual packing, both 
under the jacks and under the short joists 
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which held the structure during the pre- 
paration made to raise the jacks. It will 
be observed that in order to allow the 
free passage of the longitudinal bracing 
some 7 ft. below the bottom of the bunker 
wall, the upper end of the trestles had to 
be severed into two parts, thus somewhat 
complicating their design. Obviously, 
the intermediate jacks had to have a 
smaller movement at each operation, but 
similar arrangements had to be made for 
packing on every trestle. Hence the pro- 
vision in every case of the projecting parts. 

The design of the trestles of Type B 
presented a rather curious feature. The 
trestle was designed so as to surround an 
intermediate pier of the bunker, the latter 
occupying the axis of the trestle. The 
foundation slab of the trestle was utilised 
as part of the new foundation to the pier, 
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Fig. 2.—Cross-Section. 
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after the raising. For that purpose bars 
had been left projecting out of the square 
ring constituting the trestle foundation. 
After the structure had been raised and 
the pier rebuilt higher up, the necessary 
connection was arranged at its toe so that 
the pier load was transmitted to the com- 
pleted slab. After the construction of 
the trestles, it was deemed desirable to 
make sure that their bearing was good 
and that they would not settle when the 
raising of the bunkers started. Conse- 
quently, each trestle was tested in turn 
by working each of its jacks to full capa- 
city and maintaining the pressure for 48 
hours. All the jacks and packing pieces 
having been set in position and the total 
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weight of the bunkers resting upon the 
trestles, the concrete of the 8 piers was 
chipped off and the reinforcing rods were 
cut by acetylene jet to allow the struc- 
ture to be raised. 

In order to facilitate the work, the 
strong short girders upon the two ends of 
which the jacks were acting were sus- 
pended from the bunkers, so as to remain 
in position when the pressure was taken 
off for the purpose of packing up the 
jacks. The same remark applies to the 


short girders on each side under which 
packing was provided, and which carried 
the structure while the jacks were being 
packed up. This arrangement is shown 
more clearly by Fig. 6. 


It was necessary 
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Fig. 3.—Stagings for Two Jacks (Type “А”). 
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not to overlook the fact that at the same 
timeas the bunker was lifted it would also 
probably travel horizontally, owing to the 
fact that the lifting consisted practically of 
arotation about the upstream end, which 
had not subsided. In view of this, it is 
clear that had the short transverse joists 
bearing on the jacks and the packing been 
fixed in position relative to the bunker 
they would gradually have travelled clear 
of both jacks and packing. To overcome 
this difficulty these short transverse joists 
(each with distributing grillage of small 
joists attached) were slung from their ends 
by chains and shackles ending at the top 
in hooks capable of sliding along angles, 
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which latter were securely bolted through 
the bunker wall. It was thus possible to 
maintain these joists always in the same 
position relative to the jacks and the 
packing. 

It was necessary to have a fairly elabor- 
ate scaffolding, as, in addition to the men 
at work at the jacks, others were in charge 
of the packing on the top of the trestles, 
and others as an extra measure of security 
put packing between the cut ends of the 
piers as fast as they moved apart during 
the raising. (The ends of the cut bars at 
the top of the gap were in contact with 
the top of the lower part of the pier before 
the raising.) The stroke of the jacks was 
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Fig. 4.—Stagings for Four Jacks (Type “В”). 
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Fig. 5.—Arrangement of Jacks and Packing during Lifting Process. 
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Fig. 6.—Arrangement of R.S.J.'s over Stagings. 


6 in., but preliminary trials had shown 
that it would be better to reckon upon 
5 1n. for each lift. = 

. The exact load coming on each pair of 
Jacks had been calculated, and by ensur- 
ing that the pumping was carried out for 
cach jack so as to maintain the desired 
pressure and no more the raising was 
secured without any undue stress at any 
point, as might have occurred from a too 
rapid raising of one point. Owing to the 
slanting position of the bunker after 
settlement, the amount of lift was dif- 
ferent for every pair of jacks. 

The first operation carried out was the 
levelling of the bunker in a transverse 
direction. The work proceeded without 
any mishap and all according to time- 
table, the greatest lift in a day’s work 
being 2 ft. 6 in. (at the downstream end), 


and the whole work was completed in five 
Working days. 


After the structure had been brought 
back to its original position, and had been 
carefully packed up, the reconstruction of 
the piers was begun. The joint between 
the new concrete and the old required 
great care, and the old concrete was thor- 
oughly wetted by water jets squirting up 
from a square collar water pipe going 
round the pier playing against the con- 
crete for 24 hours before concreting. 

Careful records were kept while the re- 
instated bunker was filled up, and from 
time to time afterwards, not only as 
regards vertical movement, but also as 
regards any slight tilting, and it was satis- 
factory to note that perfect stability had 
been ensured. The settlements of the 
corner piers were from ¥ in. to Ж in. 
Those of the central piers from $; in. to 
# in. The bunker has now been in full 
work for about three years and no further 
movement has been observed. 
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Harbour Improvements at St. Peter Port. (See ф. 277.) 
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Harbour Improvements at St. Peter Port, 
Guernsey. 


SINCE the completion of the picturesque 
harbour of St. Peter Port in the Island 
of Guernsey in 1866 a large growing 
industry has been developed, and with 
it a large export trade to England, 
which has severely taxed the resources 
of the Great Western and Southern 
Railways owing to the somewhat limited 
area at their disposal. 

During recent years several schemes 
have been brought forward for increasing 
the quayage and area available in the 
Harbour for this particular industry, 
with a result that in 1926 work was 
commenced оп a scheme which had 
received the approval of the States of 
Guernsey and the Privy Council. 

The work now being carried out con- 
sists of the widening of an existing quay 
by 17 ft. for a length of about 240 ft. 
and the construction of a new jetty 
155 ft. wide and about 650 ft. long, 
complete with a lower deck 20 ft. wide 
around three sides of the jetty. Dredg- 
ing to provide Әсер water berths on each 
side of the jetty and at its southerly 
end is also being undertaken. 

The whole of the structural work is 


being carried out in reinforced concrete. 
The superstructure is carried on piles 
designed by Messrs. Considére Construc- 
tions, Ltd. The 16-in. octagonal piles 
vary in length between до and бо ft. ; 
they are driven down to the rock by 
means of a piledriver mounted on a 
floating pontoon, апа subsequently 
braced together with walings and brac- 
ings, which are pre-cast, and the joints 
made in situ. 

The aggregate was specified to con- 
sist of 1 part Portland cement, 14 parts 
sand and 2} parts stone; ог o:8 parts 
cement if ‘‘ Ferrocrete " Portland cement 
was used. The work is being carried out 
with ''Ferrocrete," which enables the 
shuttering to be struck in 10 days as 
against 21 days with ordinary cement. 
Piles may also be handled and driven 
much earlier by using this cement, a 
great convenience to the contractors. 

The upper and lower decks are sur- 
faced with carborundum, and when the 
concrete has matured they are treated 
with silicate of soda to harden them and 
prevent dust being formed when under 
wear. 
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The jetty is protected by a system of 
fendering of greenheart timber cushioned 
off the piles and protected with bridge 
rail rubbing pieces. Provision is being 
made for electric travelling cranes, elec- 
tric power and light services, water 
supply, telephone service, etc., as it is 
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proposed to construct offices and ware- 
houses on the jetty, which is also well 
supplied with bollards, mooring rings. etc. 

The work is being carried out bv 
Messrs. Sir John Jackson, Ltd., of West- 
minster, to designs prepared by Mr. 
Percy Westacott, M.Inst.C.E. 
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[Cast Stone by Empire Stone Co., Ltd. 


A Cast Stone Elevation in Oxford Street, W. 
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CONCRETE FOR SPECIFIED STRENGTH. 


Designing Concrete for Specified 
Strength. 


IN our last number we referred to a report 
that has been issued by the American 
Concrete Institute, entitled “ Economic 
Advantages of Field Control of Quality 
of Concrete," in which figures are given 
showing the actual savings on construc- 
tional works on which the cement-water- 
ratio method of designing concrete 
mixtures has been put into practice. An 
extract from this interesting report is given 
below : 

The Committee believes that field con- 
trol of concrete should be interpreted 
broadly to include the supervision of all 
the processes of concrete manufacture, 
that is, the supervision of : 

(a) The quality of the constituent 
materials, 1.e. the inspection necessary to 
insure a supply of cement, aggregates and 
water of the required quality ; 

(b) Design of the mixture, i.e. the 
determination of the relative proportions 
(or quantities) of the constituent materials 
to give concrete of the desired quality ; 

(c) Measurement and mixing of the 
constituent materials ; 

(4) Placing and curing of the concrete ; 

() Taking of the necessary field tests. 

In this report, however, the Committee 
only considers the second, and more 
especially the importance from the 
economic standpoint of a careful con- 
sideration of the design of the concrete 
mixtures. 

The problem of the design of concrete 
mixtures divides itself into two parts, 
designing for quality and designing for 
economy. A design to be truly successful 
should give both the required quality and 
Maximum economy but, as in structural 
design, quality, or ability to meet the 
demands made upon it in service, can be 
obtained without reference to economy. 
For this reason the design of concrete for 
quality and for economy will be treated 
separately. 

Investigations and experience indicate 
that the quality of the concrete is largely 
controlled by the relation between the 
quantity of the cement and water in the 
mixture, it being understood that the 
mixtures are workable and the constituent 
materials of proper quality. But a truly 
workable mix cannot be had without a 
Sufficiency of fine aggregate, and, lacking 


this, the ordinary rules for the design of 
concrete cease to apply. 

The underlying principle in maintain- 
ing the quality of a concrete is to keep a 
uniform relation between the quantity of 
water and cement in the mixture. For 
any given mix the quantity of water may 
be increased or decreased as required to 
obtain the degree of workability desired, 
but at the same time cement must be 
added or subtracted proportionately if the 
quality is to be uniform. Since the 
cement and water must be maintained 
in the same proportion, designing for 
economy demands that a combination of 
materials and conditions be found that 
will require the use of the least mixing 
water to obtain the desired results. 

The amount of water thus necessary is 
governed first by the quality and char- 
acter of the cement and aggregates, 
second by the proportions in which the 
materials are combined, and third by the 
workability required. To this should be 
added another factor. That is the margin 
of safety that the engineer must allow in 
setting his mixture to provide for adverse 
job conditions such as variable materials, 
poor methods of measurement, poor 
workmanship, etc. 


Workability and Economy. 


Much has been said on the advisability 
of using the driest possible consistency 
that can be handled and placed properly. 
Assuming a concrete designed to have a 
compressive strength of 2,000 lb. per sq. 
in. at 28 days, using sand graded from o 
to a No. 4 sieve and gravel from a No. 4 
sieve to I} in., the cement required per 
cubic yard of finished concrete, as given 
by Abrams and Walker, is: 


Slump Cement Aggregate—Cu. yds. 
In. Cu. ft. Saud Gravel 

$ юг. 4:40 0:42 0:71 

3 to 4. 4:85 0:42 0:69 

6to7. . . боо 0:36 0:72 

8 to 10 7:45 0-28 0:67 

The relative cost of these concretes 


would be as follows : 
Cost of Material 


n. Per Cent. 
b tort . . . 100 
3 to 4 . . . + eee 195 
о to07 . . - + ° 120 
8 to 10. . . . + + + 138 
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Those who have experimented in 
practice have found that it is possible to 
place, satisfactorily and economically, 
concretes of a consistency drier than 
ordinarily considered possible and that a 
mixture with a slump exceeding 3 to 4 in. 
is seldom required. If, by a little fore- 
thought and planning, mixtures of a 3 to 
4-in. slump can be substituted for those 
of a 6 to 7-in. slump, the economy result- 
ing warrants the attention required to 
achieve this result. 


Proportions and Economy. 


In studying the effect of proportions 
on economy, the Committee takes a 
mixture designed on the basis of a con- 
crete having a compressive strength at 
28 days of 2,000 lb. per sq. in. where the 
common practice is followed in assuming 


TABLE I—ARBITRARY 


CONCRETE 


An actual instance of such a saving has 
been reported to the Committee by one 
of its members, Mr. J. G. Ahlers. In the 
case in question (a 7-story reinforced- 
concrete warehouse) preliminary tests 
showed a 1:2:4 gravel concrete would 
cost 25/10 per cu. yd., but using a concrete 
designed to have a compressive strength 
of 2,000 lb. per sq. in. at 28 days, the 
actual cost per cubic vard averaged 23/5 
or a saving of 2,5 per cubic yard. As 
there were 1,494 cu. yds. in the job, the 
total saving effected was 4180. 

These examples serve to show the 
difference in cost that may exist between 
a concrete designed scientifically and one 
proportioned arbitrarily. The difference 
may be even more marked if such factors 
as placing and finishing costs could be 
included with these figures. 


vs. DESIGNED MIXTURES. 


COMPARISON OF COST OF MATERIAL REQUIRED FOR ONE Cu. YD. OF CONCRETE. 


Grading of Sand 


| | 
oto} шт. | о (о in. loto Ҳо. д о to No. 4 lo to No. В 


T | | 


o to No. 8 
Grading of Gravel No. 4 to ito No. 4 to 1 to ! No. 4 to š to 
іріп. 1} in. 1] in. 1} in. 1] in. 1) in. 


Concrete designed for . 1:2:4 | 2000 1:2:4 


Ib. Ib. | 
Cement, Ibs.. . . . . 445 440| 445! 4 
Sand, cu. vd. : 9:38 044| 0:38| o 
Gravel, cu. уа... 075,0 


Cost of materials per cu. yd. 


| 0:75, 0:67 
Additional cost of 1:2:4 | 


I; 


this to bea 1:2:4 concrete. The cost 
of this 1 : 2: 4 concrete is compared with 
a concrete designed for the required 
strength. In order to make the results 
general, the cost of mixtures is worked 
out as made from three differently graded 
sands combined with two differently 
graded gravels, each with each, making 
six different combinations. The quan- 
tities of materials required and their cost 
for both 1:2:4 and 2,000-lb. concrete 
are given in Table I, based on American 
costs. lt should also be remembered 
that the 1:2:4 concrete in these 
examples may or may not have a strength 
of 2,000 lb. per sq. in. at 28 days, and 
while in the majority of cases where care 
is exercised in maintaining proper con- 
sistencies the required strength would be 
obtained, there are many materials, 
which, when combined in a proportion of 
I : 2:4, will not give this strength. 
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2000 | 


20/5 | 19/5 20/5 (87 
О — | 270 -- 


' . | | ae 
D ond 2000! 1:2:4 2000 1:2:4 2000 1:2:4 | 2000 
| Ib. Ib. (Jb. Ib. 
| Pm | 
445 425| 448 422 448 425 m 411 
0:38 0:36, 0°38 
0°75 | 0:78| 0.77 
20/6 19/7 20/10 19/1 20/10 19/8 21/21 
114. — | 1/9 | — | 1/2. — 2/54, — 
| 


Conditions and Economy 


Abrams recommends two water-cement 
ratio curves, one for the average job. and 
the other for the job that is closely super- 
vised. Mixtures designed for the first 
condition required roughly 4 cu. ft. of 
cement more for the same classcs of 
concrete than those designed for the 
second. This is, in effect, the inclusion 
of a factor of safety of $ cu. ft. of cement 
per cu. yd. to provide for a lack of care 
in handling and measuring materials, 
workmanship, etc. 

But there are other penalties paid by 
the organisations that permit haphazard 
methods and lax supervision of their 
concrete. Inexact measurements often 
result in an overrun of 10 to 15 per cent. 
in the cement used. With a chuting 
plant they result in occasional dry batches 
causing plugs in the chutes and expensive 


шатын 


interruptions in placing. Lack of care 
п placing and poorly designed mixes 
increase finishing costs. Losses from 
these sources (losses that are largely 
preventable by the application of job 
control) can be of considerable magnitude. 

Many hold the opinion that the niceties 
of field control are only for the monu- 
mental concreting operations. The Com- 
mittee does not agree with this view ; 
field control can be applied to much 
smaller jobs with profit. Take the case 
Of a small project with a few hundred 
Cubic yards of concrete using a portable 
mixing plant of the simplest type: 
Assume that with this plant it would 
require an outlay of £20 to provide means 
whereby a concrete of 6 to 7-in. slump 
could be substituted for an 8 to ro-in. 
slump and that it would cost 21d. more 
рег cu. yd. to place this drier concrete. 
Under the conditions assumed in the 
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previous discussion, there is a difference 
of 3/4 per cu. yd. in the cost of the two 
concretes after allowing for the additional 
cost of placing, and this would pay for the 
initial expenditure of £20 in 125 cu. yds. 

Takeanothercase. Suppose the testing 
required to design properly a concrete 
mixture by the fineness modulus method 
costs £5. Under the conditions of Table 
I, this would be recovered in from 40 to 
100 cu. yds. of concrete. 

Again consider the case where there is 
a difference in the concrete-making 
properties of the aggregates, when pre- 
liminary testing is required to establish 
the exact water-cement ratio curve. 
Such tests should not cost over /60 and 
this would be recovered on a job of 800 
cu. yds. These examples are merely cited 
to show that methods of field control are 
not necessarily for the big job alone ; the 
small job can benefit thereby. 


AE 


Ву Emerson & Norris, Lid. 


A Cast Concrete Head. 
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Reinforced Concrete Church at Los Angeles. 


(See p. 283.) 
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A Reinforced Concrete Church. 


Тне church illustrated on page 282 has 
just been completed at Los Angeles, 
California. It is built entirely of rein- 
forred concrete, with a cement stucco 
face. The tower is 150 ft. in height, and 
the dimensions of the building are 251 ft. 
bv 110 ft. 

The foundations were designed for a 
soil bearing value of 3 tons per sq. ft., 
with all footings at least 7 ft. below the 
natural surface. They are in general of 
square or rectangular shape except those 
under the tower. This is supported on 
four wide reinforced concrete beams in 
order to distribute the load properly with 
reference to its centre of gravity. The 
footings supporting the nave and side 
aisles are tied together to ensure equal 
settlement. | 

The nave roof, which is 63 ft. 74 in. 
above the main floor at the centre is 
supported on six reinforced concrete 
frames spaced 17 ft. on centres. These 
were designed as stiff frames. The 
moments occurring at the intersection of 
the aisle roof and nave columns were 
distributed into the lower nave columns, 
aisle girders, and aisle columns in propor- 
tion to their respective lengths and 
moments of inertia. The arches between 
the nave and aisles carry only the roof 
of the side aisle and the load of light 
filler walls. There are wide shallow 
beams above and below the clerestory 
windows to carry interior and exterior 
hller walls, thus providing the deep em- 
brasures and splayed window openings 
required by the design. 

The roofs of the nave and side aisles 
are concrete slabs carried on reinforced 
concrete purlins, which are left exposed 
and plastered and decorated. 

The nave columns are rectangular, 
with a concrete section 3 ft. 4 in. wide 
by 2 ft. 6 in. deep. The aisle columns 
have an extreme depth of 6 ft. 3 in., 
of which 3o in. forms the architectural 
buttress, 8 in. is occupied by the rein- 
forced concrete exterior wall, and the 
other 37 in. forms the recesses for the 
confessionals. The main entrance into 
the narthex is through a massive arched 
opening. This effect is obtained by using 
Wide rectangular columns supporting 
beams on each face, which carry the inner 


and outer filler walls. The entire stone 
facade on each side of the opening is 
carried on a heavy cantilever slab at the 
main floor level. 

The tower measures approximately 
20 ft. square at the base and maintains 
this section for 72 ft. 7 in. Above this 
point it rises in four decreasing stages to 
a total height of 150 ft. Of the four 
corner columns carrying the first stage, 
the outer one is unsupported for a length 
of nearly 40 ft. except for ties of heavy 
reinforcing bars that are placed in the 
8-in. concrete filler wall at intervals of 
10 ft. At the top of the first stage there 
is a square frame of four large beams which 
support the eight columns of the smaller 
second stage, which is also square in 
section. The third and fourth stages are 
octagonal in shape and the eight columns 
of each are carried on diagonal beams 
supported on the columns of the lower 
stage. The last stage is a concrete 
cupola which is octagonal on the inside 
but has a circular surface with outside 
diameter of Io ft. at the base. It is 
constructed of expanded metal covered 
with Portland cement, with a minimum 
thickness of 3 in. 

The crossing formed by the intersection 
of the nave and sanctuary with the tran- 
septs is approximately 43 ít. square; 
four large cross-shaped columns at the 
corners support reinforced concrete arches, 
hinged at the crown. Short concrete 
posts from these arches carry beams 
arranged in the form of an octagon. 
Above this frame are smaller rectangular 
columns with a continuous wide ledge 
at the top at an elevation of 84 ft. 2] in. 
above the nave floor. On this ledge is 
carried the hemispherical concrete dome 
43 ft. in diameter surmounted by an 
octagonal concrete lantern 11 ft. 4 in. 
in diameter and 19 ft. 7 in. high. 

The dome is designed for a wind load 
of 30 lbs. Dead-load includes the weight 
of plaster and furring on the inside, 
glazed tile on the outside, and a heavy 
concentration for the lantern and its 
carved stone facing. 

The dome is 34 in. thick at the base and 
3 in. at the edge of the lantern ring. In 
order to distribute the load of the lantern 
over a larger circumferential area of the 
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dome, eight shallow concrete ribs were 
introduced on the underside of the shell, 
starting at the edge of the ring and ex- 
tending out about 8 ft. to a point where 
they intersect the curved surface. Solid 
forms were built and covered with build- 
ing paper and all reinforcement was placed 
and wired securely. Concrete was then 
applied with the cement gun with a 
resultant hard and regular surface. Con- 
siderable care was used in the curing of 
this thin shell, which was covered and 
kept constantly moist for ten days. 
The problem of acoustics in a building 
of this shape and size also required con- 
sideration. Solid concrete surfaces might 
cause excessive reverberation, and the 
plan of the building is such that annoying 
echoes were to be expected unless pre- 
cautions were taken to prevent them. 
For this reason it was decided to line all 
large surfaces with some material that 
would absorb sound instead of reflecting 
it. The ceiling panels of the nave and 
transepts and the interior of the dome 
are therefore covered with acoustic felt, 
protected by a dust cloth and covered 
with perforated canvas, the purpose of 


the perforations being to allow the passage 
of sound waves to the felt where they 
wil be absorbed and still permit the 
carrying out of the scheme of decoration. 
All walls are covered with artificial 
travertine, which is a highly porous 
material, with a view to preventing echoes 
and reverberation. 

The concrete hoist and mixer were 
placed on the south side of the building 
in the corner formed by the intersection 
of nave and transept. 

The shoring to support the heavy 
masses of concrete involved careful work 
in its design and erection. The arched 
beams over the nave had to be supported 
from the nave floor slab, which was 
poured on filled ground. To distribute 
this load, long 12 in. by 12 in. timbers 
were laid on the nave floor and the shoring 
erected thereon. There are no appreci- 
able bulges, and all edges and planes are 
plumb and true. All concrete, except 


for slabs on fill, was mixed in the propor- 
tion of 1: 24: 31. 

The architect, who also designed the 
reinforced concrete, is 
Martin, of Los Angeles. 


Mr. Albert C. 


Roof to Concrete Factory in India. 


(This large roof of the reinforced concrete fuse factory at 'Kirkee was referred to in our 


last number. 
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It is covered with Callender's '' Veribest " roofing felt. 
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Book Reviews. 


"Der Grundbau.” By Dr. L. Brennecke and 
Erich Lohmeyer. Ist volume. 


261 pp. 244 illustrations, 4th edition. Paper, 
19.20 mk. Cloth, 21.00 mk. (Berlin: Wilhelm 
Emst & Sohn.) 


A VERY excellent book on foundations 
and allied work, this volume covers the 
whole field from a general point of view, 
whereas the second volume will be devoted 
to details. of the various methods of 
foundation. The material in the book 
under review is divided into four parts, 
of which the first deals with the soil, its 
properties, its carrying capacity, and the 
necessary examination and tests; the 
second gives a description of the various 
building materials in use for foundation 
work; the third part is the most inter- 
esung and gives a great deal of practical 
information on piles of all descriptions ; 
the last part deals with the formation of 
the foundation pit generally, with its 
attendant contingencies of cofferdams 
and pumping. 

Under the description of the various 
methods of examining and testing the 
ground it is interesting to note, in the 
chapter described as ''Geophysical In- 
vestigations,” the author's explanation 
of the efficacy of the divining rod. 
Another chapter gives a detailed and 
interesting description of the different 
apparatus now on the market for testing 
the carrying capacity of the soil. The 
plant required for and the execution of 
borings is also described at length. In 
tue second part, dealing with the materials 
generally employed in foundation work, 
the subject is treated very fully and the 
reader will fimd the chapter on trass very 
useful. 

Without detracting from the remainder 
of the book it is, however, in the part on 
piles and pile-driving that the most valu- 
able and practical information is con- 
tained, the methods described being for 
the most part new and very up-to-date. 
Thus the reader finds the old pile-driving 
formule discredited (and not altogether 
without reason, as most engineers with 
experience of these formule will admit), 
and one of the newer methods of calculat- 
ing the carrying capacity of the pile is 
introduced and exemplified. Numerous 
illustrations and examples are given of 
the many different forms of piling, both 
in timber, steel, concrete and reinforced 


F 


concrete of the pre-cast and in situ type, 
hollow piles, and piles of special section 
for sheet walls. 

In the chapter on timber piles it is 
interesting to note the reason for driving 
piles with the root end downwards, as is 
sometimes done on the Continent, where 
timber piles are nearly always used in the 
round. The last part deals with excava- 
tion and shoring; the various forms of 
cofferdams, both single and double, 
illustrated by numerous details from 
actual important contracts; the calcu- 
lation of cofferdams and sheet piling ; 
pumping and lowering the water level in 
the soil, such as may be necessary for the 
execution of locks, docks and tunnels ; 
the formation of wells and the pumping 
plant for these purposes; with a chapter 
giving very detailed information as to the 
calculations necessary for this. 

Not only is the book interesting and 
very useful but the clear and neatly 
executed illustrations add to the pleasure 
of perusing it.—R. N. S. 


"Masonry Structures." By Frederick P. 
Spalding. 


Second Edition. Revised by A. Lincoln Hyde and 
E. F. Robinson. $586 pp.; r93 illustrations. 
New York: John Wiley & Sons. London: Chapman 
& Hall, Ltd. Price 255. 
Tuis volume gives a general view of the 
fundamental principles of the design and 
construction of all types of masonry 
structures, without attempting to cover 
fully the details of all classes of such 
structures. 

The chapters deal with Cementing 
Materials, in which all classes of cement 
and mortars are discussed ; Stone 
Masonry; Bricks and Blocks, including 
terra-cotta and concrete blocks; Plain 
Concrete; Reinforced Concrete; Re- 
taining Walls ; Dams; Bridges; Arches ; 
Culverts and Conduits; Foundations ; 
Piers and Abutments. 


" fer Eisenbetonbau." By C. Kersten.’ 


(1st Volume: Elementary. 366 pp., 308 illus., 34 
tables and 27 examples.) Berlin: Wilhelm Ernst 
& Sohn. Price 8.10 Mk. 


Tuis little book, in its 13th edition, by 
the well-known author of '' Bridges in 
Reinforced Concrete,” is а most valuable 
compendium for the practical concrete 
engineer. The author attacks the 
problem of imparting the maximum 
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Reinforced Concrete Dam at Dalmellington. 


amount of useful knowledge in the 
minimum time at the disposal of the 
student in a most workmanlike manner, 
and at the outset makes up his mind to 
dispense with the finesses of higher 
theoretical meditations. At the same 
time the book contains all the theory 
that is necessary for the designer. The 
reader notices a minor practical de- 
parture from the usual textbook letter- 
press, quite insignificant in itself perhaps, 
but making for quick assimilation and 
memorising of the various formule—the 
framing and printing in heavy type of 
all the useful expressions and equations, 
thus 

h' —t + Vt? — wd? (40) 
A small thing, but useful. 

The first four chapters of the book are 
devoted to the purely practical side of the 
concrete engineer's work, and contain a 
mass of useful information, some of it not 
less valuable for showing how not to do 
things. The essentials and general pro- 
perties of reinforced concrete, the choice 
of raw materials, the mixing and placing 
of the concrete, the steel and the form- 
work, all are treated with ability. The 
latter part of the volume deals with 
designing problems and presents the in- 
formation in a very clear and concise 
form ; at the end of the book is an extract 
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of the new German regulations for 
reinforced concrete, which to English 
readers are only of interest inasmuch as 
they show the difference from ours by 
taking into consideration the improved 
quality of the modern cement, both as 
regards the allowable concrete stresses 
(which are increased up to 1,000 lbs. per 
square inch) and also the time required 
before striking the centering; further 
the steel percentage in columns and 
struts is made a function of the slimness 
of the column, with a minimum of 0:5 
per cent. as against our I per cent. 

Altogether an admirably short and per- 
spicuous presentation of the subject, 
assisted in no small measure by the many 
excellent and well-arranged illustrations. 
—R. N. S. 


“Reinforced Concrete Poles." By P. Gil. 
lespie and F. E ilson. 
24 pp. 1926. University of Toronto Press. 

Tuis pamphlet gives eight diagrams from 
which it is possible to estimate the stresses 
or obtain the safe bending moment in 
eight different sections of pole comprising 
square, circular and octagonal, solid and 
hollow sections. The deflection of tap- 
ered poles is investigated, also the per- 
missible pressure of the side of poles 
against earth, for which a chart is given 
to assist in the determination of their 
required underground width.—L. T. 


СОХСКЕТЕ DAM АТ DALMELLINGTON, 


Concrete Dam at Dalmellington. 


THE dam illustrated has just been com- 
pleted in connection with the Dalmelling- 
ton water supply. The barrier across 
the valley measures 187 ft. by 40 ft. deep 
from the bed of the stream. The inner 
face of the dam is coated with fine con- 
crete, while the main body consists of 
ordinary concrete, the aggregate being 
whin metal from the bed of the stream. 
The spillway is formed of pre-cast con- 
crete blocks, 2 ft. high. The valve tower 
up to the floor level was cast in situ with 
the main part of the dam; from the 
floor level to the concrete roof it is of 
pre-cast concrete blocks. 

The top water level is 888 ft. above 
ordnance datum, and the storage capacity 


is 9,500,000 gallons. The filters, situated 
about half-a-mile down stream from the 
dam, are divided into two sets. The 
water from the intake pipe of the dam 
falls into a basin, passing through two 
fine-mesh sieves which can be removed 
separately for cleaning purposes, and 
then divides and falls into basins on 
each side and again meets at the far end 
in another small basin, let into which 
is the supply pipe to the village and 
an overflow pipe for any surplus that the 
village is unable to take. 

The works were designed and super- 
vised by Mr. J. B. Brodie, of Glasgow, 
and the contractor was Mr. Hugh Hastie, 
of Mauchline. 


Reinforced Concrete Dam at Dalmellington. 


Scientific and Industrial Research. 


Mr. HENRY THOMAS TIZARD, С.В., A.F.C., F.R.S., has been appointed Secretary to 
the Committee of the Privy Council for Scientific and Industrial Research on the 
retirement of Sir H. Frank Heath, K.C.B., from that office on June г next. 
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DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED in 


MATERIALS DELIVERED 4 MILES FROM шаа жады СКО55. s. d 
Best Washed Sand . . peryard 16 o 
Clean Shingle, } in. mesh . А А : š : : : К 14 0 

3 » in. mesh . š š : : : š қ 2 15 6 
Thames ballast . : š A š : | : : { i 10 6 
Broken brick (š in.) š қ š 32 I1 6 
Best British Portland Cement (delivered London area). š perton 585. to 63 6 


" Ferrocrete" Rapid-Hardening кше Cement delivered London 105. per ton extra 


* Super-Cement ” . . . per ton 885. to 93 0 
“Lightning ” Brand Aluminous Cement . , š : » 1005. to 105 6 
Ciment Fondu | ; š : š : š . works f.o.r. 95 0 
BOARDING FOR SHUTTERING— Sawn. W rot. 
s. d. s. d. 
Iin. . š à i і ү š : . рег square 23 6 27 6 
1] in. . : : А š š : : : is 29 6 33 6 
I$ in. . . š š m 35 6 41 0 
SAWN TIMBER FOR STRUTS AND SUPPORTS— 
3 in. by 4 in. . : : . . from (22 per standard 
3 in. by 6 in. and 3 in. `ъу 7 in. . š А š . ж» £20 4, F 
MILD STEEL Rops FOR REINFORCEMENT— s. d. 
4 in. to 2f in. Rounds . : : . : : : . percwt. 10 6 
fein. to 4 in. Rounds . | : . š ; қ : " IO 9 
1 in. Rounds : : : I š : š : : E ІІ 0 
1 in. Rounds . . . . . . T 12 0 


Breeze Slabs per yd. super: 2 in., 1/11; 2] in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING то PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . . : . ç . per foot cube I II 
Do. do. in columns 5 : 4 : š š й ” 2 1 
Do. do. in beams. 4 š : : Я š ші 3 2 3 
Do. do. in floor slabs 4 in. thick . à ; . per yard super 6 o 
Do. do. in floor slabs 5 in. thick . š ; i us 2 7 6 
Do. do. in floor slabs 6 in. thick . à ы қ 2: 22 9 0 
Do. do. in floor slabs 7 in. thick . š : s қР” 6 
По. ао. іп walls 6 in. thick. А Pk. 0% 8 8 

(Add for hoisting 3s. 6d. per yard cube above ground floor level. Add for “ Ferrocrete " 
Is. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5, 4. 
From } in. to 4 in. š 5 . | : : . . percwt. 22 6 
„ Жіп. to 4 in. ^ š š š : | : : 22 21 6 
Bin. to 2$ in. . 20 6 


EXTRA LABOUR TO BENDS ‘in tin. rods, 44.: i-in. rods, (d. ; kin. ' rods, 114. ; 
g-in. rods, 14d. ; j-in. rods, 144.; j-in. rods, 2d.; rin. rods, 21d. ; 1j-in. rods, 
3d. ; 11-11. rods, 34d.; 14-ш. rods, 434.; 14-іп. rods. 6d. (per bend per cwt.). 

EXTRA LABOUR TO HOOK BENDS: ł in., 14.; Pin. 24.; $ in., 244. | in., 

d.; lin.,31d.; țin., 4d. ; тіп. 44d. ; 14 in., 64. ; 11 in., 7d. (per bend per des 
SHUTTERING— 
Shuttering and Supports for Concrete Walls (both sides measured) per square 55 0 
Centering to Soffits of Reinforced Concrete Floors апа Strutting, average 
10 ft. high ? š . . рег square 55 0 
Do. do. in small quantities . : - Per ft. super o IO 
Shuttering and Supports to Stanchions for easy re moval, average 8 in. by18in. 
per ft. super © 114 


Do. do. as last, in narrow widths. ; a е | rj 
Do. do. to sides and soffits of beams „average 9 in. by 12 in. Sou ae I H 
Do. do. as last, in narrow widths. 4 š š PEE I 3 
Raking, cutting, and waste to shuttering . š š : perft.run o 3 
Labour, splay on ditto . 5 i o 2 


Small angle fillets fixed tointernal angles of shuttering to form chamfer,, 23 o 3 

WAGES.—The rates of wages on which the above prices are based are :—Carpenters 
and joiners, 1/94 per hour; Carpenters working on old shuttering, 1/10}; Labourers 
on building works, 1/44; Men on mixers and hoists, 1/5%; Bar-benders, 1/5}. 


(° This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyright.) 
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PROSPECTIVE NEW CONCRETE WORK. 


Prospective New Concrete Work. 


ARMAGH.—Houses.—The R.D.C. pro- 
poses to spend £21,607 on the construc- 
tion of 66 houses. 

BARNSLEY.—Houses.—The T.C. pro- 
poses to erect 200 houses by direct 
labour. 

BaARTON.—Bridge.—A scheme for the 
provision of a bridge over the Manchester 
Ship Canal at Barton is being considered 
bv the local authorities and the Man- 
chester Ship Canal and Tratford Park 
Estates Co., Ltd. 

BELFAST.—Houses.—The Corporation 
proposes to spend £27,000 on the construc- 
of 100 houses at Seaview. 

BERKHAMSTED.—Houses.—The U.D.C. 
has made application for permission to 
borrow £25,802 for the construction of 
55 houses on the Swing Gate Lane 
estate. 

BLACKWATER.—Concrete Bridge.—The 
Berks. and Surrey C.C.’s have submitted 
plans for the construction of a reinforced 
concrete bridge to the Southern Railway 
Co. 

CARMARTHEN.—Houses.—The T.C. pro- 
poses to build 26 houses at the Morgam 
Arms Field. 

COLERAINE. — Concrete Roads. — The 
U.D.C. proposes to spend £9,000 on the 
construction of concrete roads. 

DrEAL.—Houses.—The T.C. is consider- 
ing a scheme for the erection of 48 
houses on a site near Mill Hill. 

DURHAM.—Houses.—The Corporation 
has decided to build 114 houses at Sunder- 
land Road. 

EASTBOURNE.—Sea Wall.—The Т.С. 
has applied for sanction to borrow {1,200 
for extending the sea wall at Holywell. 

FaiLswoRTH.—Houses.—The U.D.C. 
has applied for sanction to borrow {20,260 
for the construction of 40 houses on the 
Lore Lane estate. 

FLEETWOOD. — Houses. — Application 
has been made for sanction to borrow 
{12,140 for the erection of 24 houses. 

For kEsTONE.—Houses.—The T.C. has 
decided to erect 162 houses on a site 
between Canterbury Road and Dover 
Road. 

FRIMLEY.—Houses.—The U.D.C. pro- 
poses to erect so houses. 

FRoME.—Houses,.—The | U.D.C. pro- 
poses to build 50 houses on the Keyford 
site. 


Horsury.—Houses.—The U.D.C. has 
applied for sanction to borrow (11,032 
for the erection of 28 houses at Hanworth 
Road. 

JouNsroNE.—Houses.— The T.C. has 
applied for permission to borrow £100,000 
for the erection of houses. 

KEYNSHAM.—Houses.—The Surveyor 
has been instructed to prepare plans for 
the erection of 24 houses. 

KIRKCALDY.—Houses.—The District 
Committee 15 considering a scheme for 
the construction of 396 houses. 

LICHFIELD. — Concrete Bridge. — The 
Statfs. C.C. proposes to construct a re- 
inforced concrete bridge to replace the 
existing Bell Canal Bridge. 

LLANDUDNO.—Houses.—The С.Г.С. 
has decided to build 30 houses at Maesdu. 

LONDON. — Houses. — The ` Housing 
Committee has recommended the L.C.C. 
to erect 1,020 houses on the Watling 
Estate near Edgware Road. The cost 
is estimated at £600,000. 

LovrH.—Houses.—The T.C. proposes 
to build 57 houses on the Newmarket site. 

LUDWORTH.—Houses.—The | Durham 
R.D.C. is considering a proposal to build 
50 houses at Ludworth. 

MAIDENHEAD.—Houses.—The Т.С. is 
considering a scheme for the erection of 
55 houses on a site at Cox Green Road. 

NAPTON. — Concrete Tank. — The 
Southam R.D.C. proposes to spend £150 
on the construction of a reinforced 
concrete tank to hold r,ooo gallons. 

NEWCASTLE-UNDER-LYME. — Houses.— 
The T.C. is preparing a scheme for the 
erection of 150 houses. 

PERSHORE.—Houses.—The R.D.C. is 
considering a scheme for the construction 
of 100 houses. 

Ponty PooL.—Road.—The Surveyor 
has been instructed to prepare plans for 
the construction of a road from Osborne 
Road to Lower Crane Street. 

PovNTON.—Bridge.—' The Macclesfield 
R.D.C. is considering a scheme for the 
construction of a bridge at Mill Hill, 
Chester Road. 


RAMSGATE.—Houses.—The Т.С. has 
decided to build 40 houses. 
SANDWICH. — Bridge. — The ` Eastry 


R.D.C. has submitted plans for the con- 
struction of a bridge over the Delf at 
Howe Wall. 


289 


PROSPECTIVE NEW CONCRETE WORK. 


SHEFFIELD.—Bungalows.—The Cor- 
poration is recommended to build 50 
bungalows on the Ridgeway Road estate. 


PATENTS. 


"THE owners of British Patent No. 214962 for Im- 

provements in Concrete Building Blocks are 
desirous of entering into negotiations with one or 
more firmsin Great Britain for the purpose of exploiting 
the above invention, either by sale of the patent rights 
or by the grant of a licence or licences to manufacture 
on royalty. Enquiries should be addressed to Messrs. 


ABEL & Їмклү, 30 Southampton Buildings, London, 
W.C.2. 


Improvements in and relating to metal beams, 
and No. 212886 for Improvements in and relating to 
the rolling of metal beams and like structural elements, 
are desirous of entering into negotiations with one or 
more firins in Great Britain for the purpose of exploiting 
the above inventions either by the sale of the patent 
rights or by the grant of a licence or licences to manu- 
facture on royalty. Enquiries should. be addressed 
to Messrs. ABEL & IMRay, 30 Southampton Buildings, 
London, W.C.2. 


PATENT. 


PATENTS. 

HE owners of British Patent No. 212244 for 
THE Proprietor of the Patent No. 222151 for 
Process of Manufacturing Cementitious Materials 
is desirous of entering into arrangements by way of 
licence and otherwise on reasonable terms for the 
purpose of exploiting the same and ensuring its full 
developinent and practical working in this country. 
All coinmunications should be addressed in the first 
instance to HASELTINE, LAKE & Co., Chartered Patent 
Agents, 28 Southampton Buildings, Chancery Lane, 

London, W.C.2. 


WATERPROOFING. 


ENGINEERS in concrete and other construction 
interested in the introduction of sound Water- 
proofing Compounds who are desirous of taking up the 


position of Stockholders, embracing areas covering 
Counties of Great Britain and Ireland, for an English 
Company situated in London, are invited to forward 
applications with a view to early negotiations and 


arrangement for appointment. Apply Box No. 1266, 
CONCRETE AND CONSTRUCTIONAL ENGINEERING, 20 
Dartmouth Street, Westminster, S.W.r. 


SOLIHULL.—Houses.—The U.D.C. has 
made application for permission to build 
72 houses. 

SOUTHPORT.—Houses.—The T.C. has 
applied for sanction to borrow {27,554 
for the construction of 56 houses. 

STAFFORD. — Concrete Road. — The 
R.D.C. proposes to construct the new 
Burton Manor Road in reinforced concrete. 

STOCKPORT.—Houses.—The Corpora- 
tion has purchased а housing site ad- 
joining Didsbury Road. 

STOCKTON. — Road.—The Highways 
Committee is considering a scheme for 
the construction of a road from Portrack 
to Tilery. 

SUNDERLAND.—Houses.—The Corpor- 
ation proposes to purchase 134 acres of 
the Ford Hall estate for housing purposes. 

SUTTON COLDFIELD.—Houses.—Apph- 
cation has been made for sanction to 
borrow £15,000 for the construction of 
36 houses. 

SwINDON.—Howuses.—' The T.C. has de- 
cided to erect тоо houses on the Hurst 
estate. 

TARLETON.—Road.—The Lancs. C.C. 
is recommended to apply for sanction to 
borrow £15,000 for a road diversion at 
Tarleton on the Southport to Preston 
Road. 

THORPE. — Houses. — The Blofield 
R.D.C. proposes to build 50 houscs. 

UFFCULME. — Bridge. — А bridge 15 
to be erected over the River Culm at 
the Hams, between Willand and Ufi- 
culme. 

WALSINGHAM.—Houses.— Ihe | R.D.C. 
proposes to erect 24 houses in the district. 

WHITTLESEY.—Houses.—The (С.Ю С. 
has been recommended to build 50 houses. 

WILLINGTON. — Houses. — The U.D.C. 
has applied for permission to build 60 
houses. 


Tenders Accepted. 


EccrEs.—Concrete Floors.—The T.C. 
has accepted the tender of the Fram 
Reinforced Concrete Co., Ltd., Manches- 
ter, at 2597, for the construction of re- 
inforced concrete floors at the Маш 
Stores. 

GLOUCESTER.—Concrete Water Tank.— 
The City Council has accepted the tender 
of Messrs. Hobrough Ф Co. Ltd., 
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Gloucester, at £207, for the construction 
of a concrete water tank at the rear of 
the public baths. 

MiLKForD.—Concrete Reservoir.—The 
Stafford T.C. has accepted the tender of 
the Cumberland Reinforced Concrete 
Construction and Artificial Stone Co., 
Harrington, at £8,894, for the construc- 
tion of a concrete reservoir. 


MOLESEY. — Concrete Houses. — The 
U.D.C. has accepted the tender of the 
Triangular Construction Co., Ltd., at 
£12,490, for the construction of 44 con- 
crete houses. 

SOUTH MiMMs.—Concrete Culvert.—The 
R.D.C. has accepted the tender of Messrs. 
J. W. McMillan & Co., Hatfield, at 
4132 105. for the construction of a ге- 
inforced concrete culvert. 

UTTOXETER.—Concrete Bridge.—The 
R.D.C. has accepted the tender of Mr. 
W. A. Porter, Melbourne, at £334 195., 
for the construction of a reinforced con- 
crete bridge over the Ashbrook at Brom- 
ley Hurst. Other tenders submitted : 
Hobrough & Co., £747 8s. 24.: W. 
Muirhead, Macdonald Wilson & Co. 
Ltd., /706 13s. 2d.; Sir John Payne 
Gallwey, Ltd., £655 135. 2d.; Gray's 
Ferro-Concrete Co., Ltd., £643 8s. 7d. ; 
C. A. Horton, £617;  Anglo-Danish 
Concrete Construction Co., Ltd., £530; 
Andrew Blair, Lyell & Co., £528 135.; 
Reinforced Concrete Construction Co., 
£508 15. 7d. ; H. Middleton, £481 3s. 2d. ; 
E. E. Jeavons & Co., £412 5s. 2d. ; W. P. 
Taylor & Co., Ltd., 2412 5s. 2d. ; Ward 
& Godbehere, £381 ; Bridge & Engineer- 
ing Co., £360 175. 

WaLLasEY.—Concrete Road.—The Cor- 
poration has accepted the tender of Mr. 
C. L. Warren, Wallasey, at £4,439, for 
reconstructing Penkett Road and Earls- 
ton Road in reinforced concrete. Other 
tenders submitted : J. McGeoch & Sons, 
4,439: G. Law, Ltd., £5,362; W. H. 


TENDERS ACCEPTED. 


DUCKHAMS 


CONCRETE 


MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Co., Ltd. 


№ BROAD ST. PLACE, LONDON, Е.С.2 
Worthington, Ltd., 45,656,  Tarslag 
(1923), Ltd., £5,666; S. & G. Graham, 
£5,967; F. Mitchell & Sons, Ltd., 
£6,124; | Walker-Weston Co. Ltd., 
£7,593. f 
WINCHESTER. — Houses. — The City 


Council has accepted the tender of the 
Monolithic Building Co., at 416,548, for 
the construction of 42 concrete houses 
on the St. Giles” Hill Site. 

Y EoviL.—Concrete Road.—The T.C. has 
accepted the tender of the Walker- 
Weston Co., Ltd., for the construction 
of a reinforced concrete roadway. 


Тгаае Notices. 


Manchester Building Exhibition.— Messrs. Turner Brothers Asbestos Co., Ltd., 
of Trafford Park, makers of the well-known “ Trafford " tiles and “ Регтапие” 
asbestos-cement slates, exhibited at the recent Manchester Building Trades 
Exhibition three entirely new lines, which should contribute to building economy 
and permit of wider scope in interior decoration and roofing design. The “ Serval " 
multiple tile is supplied in a rich russet-brown colour. It is an entirely new idea in 
roofing—a boldly designed and readily fixed unit, that has the effect when in position 
of pantiles of substantial thickness. These units, by reason of their large size, effect 
an economy in roof construction and erection costs. Roofing spars may safely be 
opened up to 3 ft. spacing, according to bearing, with 2 in. by 2 in. battens at 21]-in. 
centres. Іп addition there was on view a wide range of '' Permanite "' fire-resisting 
asbestos-cement products of different types for all roofing and wall lining purposes. 

Special prominence was given to concrete mixers made by Stothert & Pitt, Ltd. 

hese mixers are used for many other purposes as well as the mixing of concrete, 
although their pre-eminent service is concrete mixing. The Victoria H.M. mixer 
‘hand or power) All-on model was shown complete with side loader and water tank, 
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TRADE NOTICES. 


Reinforced Concrete Works Road. 


[This all-concrete road has just been completed at the new works near Shrewsbury of the 
Chatwood Safe Co., Ltd. The reinforcement is B. R.C. fabric.] 


direct driven by a 2} H.P. petrol engine all mounted on wheels, and so balanced that 
опе man can wheel it. The mixed capacity is 3 cu. ft. per batch. The light “ Smith 
tilting drum mixer, particularly adaptable for works where space is limited, was 
shown. The mixed capacity is 4} cu. ft., and it is driven by a 34 H.P. petrol engine. 
Another machine shown was the No. 7 “ Victoria " mixer, of 7 cu. ft. mixed сара 
city, with 5 H.P. petrol engine. This type is made up to 2 cu. yds. mixed capacity. 
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EDITORIAL NOTE. 
Building Research. 


BUILDING research is now conducted by the Department of Scientific and Industrial 
Research in an extensive and well-equipped establishment at Watford, and as 
the expenditure on this work is at the rate of {25,000 per annum there should 
be every prospect of comprehensive results of value to the building industry 
being obtained in course of time. Scientific research is not the operation of a 
few men of genius who are supposed to have the faculty of making brilliant dis- 
coveries by intuition or by the workings of exceptional brains. The research 
work that brings results in the long run is that which consists in the exploration 
of likely avenues of experiment and in the opening up of new paths of explora- 
tion, always with a basis of scientific knowledge. Such work usually demands 
scores, or even thousands, of experiments which when collated indicate the 
right path of progress, lead to the elimination of useless investigations, and permit 
of conclusions being drawn. The basis of research is scientific common sense 
under the guidance of leaders of experience endowed with qualities of persever- 
ance. On this basis time and money are practically certain to yield results. 
The traditional knowledge already existing in the building industry has 
been acquired by expensive methods of trial and error, and there is hardly апу 
doubt that scientific knowledge would have shown that many of the trials made 
were fundamentally unsound and certain to lead to failure. The objective 
in view of the Building Research Board as stated in the Report of the Committee 
of the Privy Council for Scientific and Industrial Research for the vear 1925/26 
is, “ The creation of a real science of building which may serve to explain and 
supplement the traditional knowledge possessed to-dav in the industry." 

_ The development of the concrete industry on scientific lines has been con- 
sistently urged in this Journal, and the publications of the Building Research 
Board in these columns and elsewhere show that research work on concrete 
forms a.n important part of its activities. The Board invites the co-operation 
of those= engaged in the building industrv, and is desirous of providing data for 
mquirers, Emphasis is laid on the great assistance that would be rendered by 
the opportunity of examination by scientific men of the failures that occasionally 
occur in P»uilding work. 

The enlarged station at Watford has been in use for little more than a vear, 
and айса cl y twelve reports and pamphlets have been published or are in the 


293 


CONCRETE 


BUILDING RESEARCH. 


press. It may therefore be anticipated that when the initial and inevitable 
spade work has been completed the operations of the Building Research Board 
will have a considerable influence upon the development of the building industry. 


English and American Building Costs. 


THE comparison of building methods and costs in this country and in the United 
States, by Mr. Harvey Corbett, given on р. 319 of this number, bears no particular 
relation to concrete construction, but the notes on American methods and the 
suggestions contained therein are of very general interest to all concerned with 
building. It is a remarkable fact that in spite of building trade wages in New 
York being about five times as high as in London, the cost of buildings per foot 
cube is practically the same in both cities. It appears that materials cost, on 
the average, the same in both cases. The obvious inference is that in America 
more work is obtained for wages paid, and it is on this point that Mr. Corbett 
has some interesting things to say. 

Superior organisation is, in his opinion, the vital factor that enables full value 
to be obtained for the high wages paid. When the skilled operatives are paid 
up to Ios. an hour there is undoubtedly a great incentive for the contractor to 
avoid keeping them standing about waiting for materials, and to arrange the 
work so that one trade follows another without delay. Thus the programme of 
operations is mapped out in advance, and rigidly adhered to. Whether this is 
possible in this country to the same extent is doubtful, for in the United States 
all connected with the building appear to work in co-operation from start to finish. 
The architect’s design once it is decided upon is followed to the completion; we 
should imagine it would be some time before the majority of the architects of this 
country issue drawings from which they do not wish to depart while the work is in 
course of construction. Conditions in the two countries are different in several 
respects, and particularly in the attitude of the architectural profession. Whether 
or not it is due to the fact that the commercial building in America has become 
more or less standardised we do not know, but Mr. Corbett tells us that those huge 
buildings are designed in a few weeks and the drawings strictly followed without 
the slightest alteration throughout the whole of the work. This, we should 
think, is one of the most important factors influencing costs. If there is not 
standardisation in American building design, there is a great deal of standardisa- 
tion in details which facilitate construction and cheapen manufactured units. 
And on multi-story buildings there is repetition from floor to floor which must 
result in considerably cheapening the cost per foot cube in comparison with the 
lower buildings of London. 


Concrete Railway Track. 


CONSIDERABLE discussion seems to be taking place in the United States as to the 
suitability of the ballast track now generally used on railways, and attention 15 
being given to the substitution of reinforced concrete for the permanent жау. 

One of the earliest attempts in this direction was made in 1909, when the 
rails of a section of the D. L. & W. Railroad was laid on reinforced concrete slabs 
designed by the chief engineer to the railway, who in 1016 stated that this track 
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had '* demonstrated fully that this type of track, if made perfectly rigid, would 
stand up against the heaviest type of traffic." The section was laid to test the 
engineer's theory that if railway tracks were made perfectly rigid and unyielding 
there would be no pounding or unusual stress on the rails. He had formed the 
opinion that ballast tracks had reached the limit of loading, and that modern 
loads caused excessive deflections on rails laid on ballast. 

In a recent paper the President of the Pere Marquette Railway stated that 
many United States railways had laid rails on permanent track for short sections, 
such as in tunnels and at termini, and in every case they had proved successful 
after several years’ use. Оп p. 303 we give some particulars of a design for a 
reinforced concrete track, and some figures of cost worked out by the President of 
the Pere Marquette Railway showing that, on American costs, the concrete track 
would result in a saving of nearly {800 a year per mile on a line with a traffic of 
30,000 tons a day or nearly £1,000 on a line with a traffic of 40,000 tons a day. 
The heavier the traffic the more is the anticipated saving possible by the substitu- 
tion of reinforced concrete for ballast. Economy of permanent-way maintenance 
Is put at 20 per cent., while there would also probably be a saving in the main- 
tenance of rolling stock. It is further claimed that the rigid rail bed would permit 
of higher speeds, and that the tractive effort would be less. 

We understand that more than one railway in the United States is at present 
laving experimental sections of reinforced concrete track as a result of the experi- 
ence gained on experimental sections laid as long as eighteen years ago. 

It is, of course, probable that owing to the lack of resiliency of the track the 
springing of the trains would have to receive more attention, or shock absorbers 
introduced between the rail and the track, but the interest in this direction in 
America suggests that experimental permanent tracks might with advantage be 
laid in this country. 


Aluminous Cement Concrete subjected to Heat. 


DURING the construction of a new reinforced concrete bridge at Plougastel, 
France, which when completed will be the largest reinforced concrete bridge in 
the world, it was discovered that three or four cubic yards of concrete failed to 
harden. The bridge is being constructed in aluminous cement concrete, to the 
design of M. Freysinnet, and this small piece was the only part of the huge under- 
taking that did not harden properly. It was noted that the faulty patches did 
not possess what M. Freysinnet terms the '' characteristic colour of ciment fondu," 
and that they were distinguished by a dark blue-green colour or by a reddish 
clavey-yellow ; the former colour is not permanent in the presence of air, and 
disappears when the concrete is broken. 

А series of tests was undertaken to discover the cause of the phenomenon, 
and after lengthy experiments and investigations it was found that the faulty 
concrete was due to the very hot weather experienced at the time this concrete 
was placed. The tests were therefore undertaken to ascertain the effect of heat 
on the setting of aluminous cement concrete. These tests showed that M. Frey- 
sinnet's surmise was correct, and that special precautions must be taken in placing 
aluminous cement in very hot weather. The heat which had a serious effect in 
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CONCRETE 
reducing the strength of the concrete was, however, as high as 97 deg. Fahr., 
which, of course, is seldom experienced in this country. The point should, how- 
ever, be noted by those responsible for placing aluminous cement concrete in the 
tropics, where the action of the sun’s rays on shuttering might raise the tempera- 
ture of the concrete to a dangerous degree. Some of the test pieces were gauged 
with warm water and some with sea water, and both resulted in reducing strength, 
but the cause of the faulty patches is attributed primarily to the exposure of the 
shuttering containing the freshly poured concrete to very great heat from the 
sun. 

In connection with M. Freysinnet's reference to the “ characteristic colour 
of ciment fondu," it may be pointed out that this cement is liable to considerable 
variations of colour caused by variations in the iron content of the bauxite ; ciment 
fondu may vary from very dark to light grey, but this bears no relation to the 
quality of the cement. The colour of these faulty pieces was, however, quite 
foreign to the material. 

We understand that an exhaustive series of tests has just been commenced 
at the National Physical Laboratory to determine exactly the effect of using 
warm gauging water with aluminous cement concrete, and also the effect of allow- 
ing such concrete to harden in various temperatures from 60 deg. Fahr. to 130 deg. 
Fahr. These tests are expected to take about six months to complete, when the 
results will be published in this journal. 


““ 


Professor Duff Abrams. 


THE name of Professor Duff A. Abrams has become well known in this countrv, 
where his researches on cement and concrete have received wide publicity, par- 
ticularly in the development of the cement: water-ratio theory of proportioning 
concrete. For five years, from 19011 to 1916, Professor Abrams was Director 
of the Structural Materials Laboratory of the Lewis Institute at Chicago, and 
when that organisation was taken over by the American Portland Cement 
Association in 1916 he continued as Director of Research of the Association. 
During this period he carried out a vast amount of experimental work, much of 
it on an enormous scale. Professor Abrams has now resigned his position with 
the Association to take up private practice as a consulting engineer in reinforced 
concrete, finding, like many before him, that active work in the construction 
field has more attractions than laboratory research. Mr. F. R. MacMillan has 
been appointed Director of Research to the Association in place of Professor 
Abrams. 
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Concentrated Loads on Reinforced Concrete 
Slabs. 


A Discussion on their Distribution. 
By EWART S. ANDREWS, B.Sc., A.M.Inst.C.E. 


THERE are a number of problems in reinforced concrete design which are difficult 
of solution because we have not sufficient experimental knowledge upon which 
to base scientific rules of design. In some such problems it is possible to obtain 
a theoretical solution, by the ordinary mathematical processes, and we usually 
adopt such solutions if they are not in conflict with experimental fact ; in other 
cases it is almost impossible to proceed upon mathematical rules, and the problem 
before us is one of these. 

Many oí these problems relate to points that are occurring almost every 
day in practical design where a decision of some kind has to be made, and it is 
surprising that so little is to be found in the textbooks upon this question of 
fundamental importance. 

Fig. 1 illustrates the problem. A load IV is concentrated on the small area 
(shown shaded) of a reinforced concrete slab spanning between beams XV and 
YZ. With due allowance for continuity of the slab, if any, we arrive without 
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much difficulty at the maximum bending moment for which we are to design 
the slab. 

The real problem is to decide the question, “ What is the breadth of the 
slab which should be taken as resisting this bending moment?” We will 
consider three possible answers: 

(1) The breadth of the load—shown as 0, on the figure. This certainly 
errs on the safe side, but it is nearly as great a sin to be wasteful as to be hazardous 
in design. 

(2) Next we have the value b, obtained by considering Clause 18 of the 
London County Council Regulations, which reads as follows : 

“ For calculating the resistance moment the angle of dispersion of a point 

load through hard filling and concrete shall not be taken at more than 
45 degrees from the vertical.” 

The wording of this clause can hardly be said to be masterly in its lucidity, 
but it is usually accepted that the intention is as follows: The breadth 5, to be 
regarded as the breadth of slab to be taken in the calculation of the resistance 
moment to carry the bending moment caused by the load W is to be obtained 
by adding to the breadth b, twice the depth to the centre of reinforcement from 
the top of the hard surface. 

It is now regarded as clear that in nearly every case this rule errs too 
much on the rough side. 

(3) Finally we have a much greater effective breadth b, obtained by reason- 
ing based upon experimental results. We will now consider some of the rules 
which have been put forward for the determination of the effective breadth b,. 

Waddell's Rule.—Mr. J. A. L. Waddell—a very safe guide in most struc- 
tural matters—gives the curve shown in Fig. 2. This curve is based upon figures 
put forward by Mr. W. A. Slater as the result of some tests made at the Univer- 
sity of Illinois; Mr. Waddell accepts Mr. Slater's main results, but varies them 
slightly as the result of tests made by the Highway Department of the State 
of Ohio. 

For the present we will confine our attention to Curve r, which is for slabs 
simply supported at the ends. The effective breadth 5, of the slab over which 
the point load is to be considered to be spread is given by 


b= +b. d « 2 o m (i 


This depends upon the total unsupported breadth XV of the slab and it 
will be seen that Ë = 0-7 for a total breadth of 1:5 times the span, so that the 
result of using this curve is to give a much greater width of distribution for the 
point load compared with the L.C.C. rule. This means that the effect of a point 
load is much reduced, so that a floor slab designed for a given superimposed 
load will be able to carry quite a large point load placed at the centre. 

The reasoning adopted by Waddell in arriving at the other curves is as 
follows: In the case of a slab fixed at both ends, there will be lines of contra- 
flexure at the quarter points of the span, so that the centre portion is practically 
a simple beam of length 0:54. If the slab should remain straight along these 
lines of contraflexure, the proper distribution width would be onc-half of that 
for a simply-supported span. However, points on these lines directly opposite 
the load will deflect more than points on either side, which will increase some- 
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what the width of distribution. In the absence of any definite information it 
will be satisfactory to assume a value of & about three-quarters of that for a 
simply-supported slab, and the lower curve of Fig. 2 has been drawn on this 
basis ; but for a small value of total breadth divided by span it has been assumed 
that the distribution would be about the same as for a simply supported slab. 

For a slab fixed at one end and simply supported at the other, the values of 
k have been taken as the average of those for the slab fixed at both ends and 
for the slab free at both ends. 

Goldbeck's Rule.—Mr. A. T. Goldbeck gives, in a paper read before the 
American Concrete Institute in 1917, the results of further tests on the subject. 

(It should be mentioned that Mr. Slater's results, previously referred to, were 
given in the discussion of a paper read by Mr. Goldbeck in 1913 before the Ameri- 
can Society of Testing Materials. The procedure adopted was to measure, by 
means of extensometers—or strain gauges, as our American friends call them 


Fig. 3. 


—the stresses in steel and concrete at various points along the centre section 
TU (Fig. 1) of the slab. From these a curve is plotted such as that shown in 
Fig. 2, and a rectangle of width of the same height as the curve is drawn 50 
as to have an area equal to that of the curve. The width 5, of this rectangle i5 
the effective width of the slab over which the point load may be considered 
concentrated for the purpose of finding the reinforcement and stresses in the 
neighbourhood of the point load. 

Fig. 4 gives Goldbeck's curve together with the experimental points, from 
which it will be seen that in fixing the curve a bias has taken in favour of the 
lower results. 

In connection with Goldbeck's results it is interesting to note that the slabs 
which he tested had no transverse reinforcement (or distribution bars, as we 
usually call them), so that the distribution of the load which he found cannot 
be attributed to any special action of the distribution bars. 


Proposed Rule for Practical Design. 


From the results of the rules previously discussed the adoption of the 
following rules for practical design is suggested : 
(a) Spans simply supported at both ends— 


b, = b, + :7b for values of bl. 
e SUE. x, мээн» | 
but b, never >. 
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(b) Spans simply supported at one end ; continuous at other— 
b, = b, + ‘6b for values of 0-1 
= Dig ак < жоє ee >... 
but b, never >>l. 
(c) Spans continuous at both ends— 
b, = b, + -56 for values of b</ 
= D; эй ug энэ 
but b, never >. 

It will be seen that these rules are a kind of blend of the Waddell and Goldbeck 
rules. 

So far we have dealt only with the case in which the load is concentrated on 
a small area near to the centre of the span, this being in general the most serious 
condition for a single load. 

In the case of a pair of equal loads at a given distance apart, such as we 
would have on a heavy lorry of a traction engine, it is suggested that the load be 
placed so that each is the same distance from the support, and that the above 
rules be used with the substitution of twice the distance from each load to the 
support for the value of the span /. 

In the case of a slab carrying a narrow load, such as a wall or partition which 
extends from one support to the other, the writer suggests the adoption of the 
rule that the effective breadth be taken as three times the breadth of the load, 
or the breadth of the load added to three times the effective depth of the slab, 
whichever is the greater. 
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The new All-Concrete Croydon-Warlingham-Limpsfield Road. 
[This concrete surface road has recently been completed for the Surrey County Council, under the direction of Mr. W. P. 
Robinson, the County Surveyor. It is 8 in. thick, reinforced with two layers of B.R.C. mesb.] 
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Reinforced Concrete Railway Tracks. 


IN our Editorial Notes we refer to the 
interest in the United States in the con- 
struction of reinforced concrete rail-beds 
on railways, in place of ballast, and we give 
below some notes on the design of such 
permanent track. This design is that 
adopted by the Pere Marquette Railway 
Co., which has now been completed and 
is in operation over a length of a quarter 
of a mile. 

Design of Track.—The supporting slab 
of concrete 18 10 ft. wide and 21 in. thick. 
Assuming the use of 30-ft. rails, the con- 
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lower chord of which serves as a part 
of the longitudinal reinforcement. The 
vertical members of this truss serve to 
anchor the rail seat to the concrete, and 
are extended below the lower chord so 
that they may rest upon stakes driven 
accurately to the elevation of the sub- 
grade. This truss was shop-made, and 
the bracing and riveting are only of 
sufficient strength to prevent distortion 
while handling. When set in place, these 
trusses are connected by adjustable tie- 
rods spaced 6 ft. apart, and also by brace 


Reinforced Concrete Track Ready for Traffic. 


crete would be cast in sections of that 
length. The rail rests on the edges of 
two plates which are embedded in the 
concrete, and are perforated in order to 
provide better bond and more bearing on 
the concrete. These serve a threefold 
purpose: (1) To distribute the load and 
impact over a greater area of concrete ; 
(2) to protect the concrete from shock and 
possible disintegration due to direct con- 
tact with the rail; and (3) to ensure a 
setting for the rail which is absolutely true 
as to line and surface. In addition, they 
form a guide for striking off the concrete 
surface in finishing. 

The plates which form the rail seat also 
form the upper chord of a light truss, the 


frames. Four of these brace frames are 
used for each 39-ft. section. One of the 
tie-rods forms the upper member of the 
brace frame. This arrangement gives a 
rigid framework which can be set accur- 
ately in place and will remain undisturbed 
while the concrete is being placed. It will 
also serve to transmit the loads into the 
mass of concrete. 

Longitudinal reinforcement consists of 
four 4-1. bars and four 4-ш. bars in addi- 
tion to the two 11-in. by 111. by 1-in. 
angles which constitute the lower mem- 
bers of the trusses. The ratio of longi- 
tudinal reinforcement is about 0-37 рег 
cent. 

Transverse reinforcement consists of 
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lin. square bars spaced 18 in. centre to 
centre near the base of the slab, and 4-0. 
square bars spaced 18 in. centre to centre, 
near the top of the slab. Where brace 
frames and tie-rods occur, other transverse 
reinforcement is omitted. Assuming the 
70,000 lb. on a pair of drivers to be uni- 
formly distributed over a longitudinal 
distance of 5 ft., and assuming an impact 
allowance of 50 per cent. and that the 
upward pressure of the subgrade is uni- 
formlv distributed, a unit tensile stress of 
14,000 lb. for the steel and a unit com- 
pressive stress of about зоо lb. for the 
concrete are obtained. 

These unit stresses are ample to take 
care of any increase in future loads, ип- 
pact and unequal subgrade conditions. 
On account of the greater length of the 
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metal separator is placed at the end of 
the section being poured. After the 
adjoining section has also been poured, 
this separator is then removed. It was 
not proposed to leave any well-defined 
joints between the sections, on the 
assumption that compression due to high 
temperature would easily be taken care of 
by the concrete, the thickness of which 
would prevent any tendency to buckle ; 
and that tensile stresses would cause a 
cleavage at the end of each section inas- 
much as none of the longitudinal metal is 
continuous. When these joints develop, 
they are to be filled with tar. In con- 
struction, the removal of the separator 
is delayed until at least a portion of 
the block ahead of it is poured, thus 
giving the block behind it a start towards 


Details of Reinforcing Truss. 


section as compared with its width and 
the consequent opportunity for more 
variability in the condition of the sub- 
grade, it is thought desirable to use а 
much lower unit stress for the longitudinal 
reinforcement than for the transverse. 
With modern methods of proportioning 
and making concrete the maximum of 
economy may be obtained through de- 
signing the concrete to meet the actual 
condition of stresses disclosed through 
experience in the use of this type of road- 
bed. It might seem that some economy 
in design could be attained by not using 
$0 thick a slab and using a higher percent- 
age of reinforcement ; on account of the 
impact, however, it is believed that the 
additional mass obtained by using a 
kreater thickness is well worth its addi- 
чопа! cost. 

In order to facilitate construction, the 
concrete slab should be poured continu- 
ously and not in alternate sections. A 


setting and ensuring a cleavage practically 
along the plane of the separator. 

The rail is held by rail-clips, which are 
attached by bolts to stirrups bolted to the 
perforated plates and embedded in the 
concrete. The bolt is placed with the 
head up and screwed into a nut which is 
inserted beneath the stirrup through а 
recess provided for that purpose. This 
recess is only slightly wider than the nut, 
thus preventing it from turning. This 
arrangement tends to lessen the danger 
of injury to the bolts in case of derail- 
ment, and permits their replacement if 
injury should occur. Мо angle bars or 
fish plates are necessary, as the rail seat 
and rail attachments serve their purpose. 

With such a design, the rail no longer 
functions as a beam. А wearing surface 
and a base for bearing and attachment 
are all that need be provided, so that a 
much lighter rail may be used than at 
present. It is suggested that a 6o-lb. rail 
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would be fully as effective as а 130-lb. 
rail under present conditions. 

Rail anchors are not needed. Creep- 
ing of the rail is avoided by keeping the 
bolts near the centre of the rail tighter 
than those at the end, or if this does 
not prove satisfactory, the rail could 
be anchored by one or two bolts near 
its middle point, thus ensuring the ex- 
pansion and contraction of each гай 
as a separate unit. The only cushion 
between the rails and the concrete is a thin 
layer of oiled felt. This felt is treated with 
a bituminous mixture in order to preserve 
it. A layer of felt about } in. thick, com- 
pressing to a thickness of 4& in. under the 
tightening of bolts which hold the rail, 
and further compressing to perhaps one- 
half this thickness under an engine load, 
is expected to go far toward reducing 
the shock upon the concrete beneath 
the rail-seat, and also lessen the noise. 
Insulation between any two sections of 
track could be accomplished by substi- 
tuting insulating fibre for the felt. This 
insulation should extend from the rail 
joint to the end of the concrete block. 

Thorough drainage is essential. On fills 
made of sand no artificial drainage would 
be necessary, but on other fills it should 
be taken care of by tile drains just beyond 
the edges of the slab, with frequent out- 
lets to the side of the embankment. In 
cuts the drains should be placed deeper 
and under the cut ditches, in order to 


prevent ground water from reaching the 
track. The proper functioning of these 
drains is a very important matter and 
they should be of ample size and have good 
outlet facilities. 

Conduits for carrying all wiring, such 
as telegraph, telephone, block signals and 
train control, can be placed in the centre 
of the slab or elsewhere in the section if 
desired. 


Cost. 


The following estimate of cost is given, 
based on American prices and wages: 


per mie. 
Rail and fastenings . £1,002 
Concrete base . 5,755 
Total material . £6,820 


The advantages that would result from 
a permanent track are classified as fol- 
lows : 


(1) Reduction in the cost of main 
tenance-of-way : (a) Ties eliminated, (bi 
Ballast eliminated, (c) Track labour re- 
duced to rail renewals and track walking. 
(d) Probable reduced wear on rails and 
angle bars. 

(2) Reduction in the cost of mam 
tenance of equipment. 

(3) Reduction in train resistance, re- 
sulting in: (a) Less fuel consumed, (bi 
Greater tonnage per train, with fewer 
trains; or higher speed with less train- 
hours. 
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Levelling and Grouting Road-bed. 


(4) Greater safety, especially at high 
speeds. 

(5) More comfort for passengers, due to 
smoother riding and freedom from dust. 

An estimate of the annual saving re- 
sulting from the first three of the above 
items on a track having a freight traffic of 
30,000 gross tons per day and six daily 
passenger trains is given as follows (U.S. 
costs) : 


per mile. 
Maintenance of way £335 
Maintenance of equipment 305 
Б» ^e & X 44: #& x. 84 
Increased tonnage rating . . . 40 


Total saving per mile per year £764 


This saving equals то per cent. of the 
estimated cost. 

A similar estimate, based on a freight 
traffic of 40,000 gross tons per day, shows 


a saving per year per mile of /990 or 13 
per cent. of the estimated cost. 

It is assumed that the cost of maintain- 
ing equipment would be reduced 20 per 
cent., as it is reasonable to suppose that 
equipment running over a perfectly 
smooth track would require less repairs 
and would have a longer life than if sub- 
ject to the innumerable shocks inherent 
in operation over the present type of 
track. 

There is likewise no definite basis for 
the assumption of a reduction in train 
resistance. There is doubtless a large 
amount of energy lost in shocks at rail 
joints in the present track structure ; 
and, due to the imperfect elasticity of the 
road-bed, a further amount is lost in 
depressing the track and pushing the 
main track wave ahead of the locomotive 
and smaller ones ahead of each truck. 
This loss would be practically eliminated 
with a track of the type proposed. 


The Institution of Structural Engineers. 


THE Annual Dinner of the Institution of Structural Engineers is to be held at 
the Piccadilly Hotel, London, on May 16, when Lord Carson will be the principal 


guest. 
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Completed Dome. 


Construction of 131-ft. Span Dome at Schott and Gen Works, Jena. 
(See p. 309.) 
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Novel Dome 


WE illustrate two interesting reinforced 
concrete domes recently erected on the 
Continent on a system invented by Herr 
Bauersfeld, of the Jena firm of Zeiss, 
who also invented the planetarium. The 
system is patented by the Zeiss Com- 
pany and the firm of Wyckenhoff & 
Widman. 

The dome at the Zeiss firm's works was 
specially built for experimental work 
with the planetarium. It has a diameter 
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Dome for Jena 


of 52 ft. 6 in. and a thickness of 1} in. 
The total weight is 35 tons. The rein- 
forcement is so designed that its weight 
will be equal at all points, and to achieve 
this object flat steel bars 2 ft. long are 
used. These bars, of which there are 
3840 in the dome, are connected by 
means of two steel discs, bolted together, 
and containing grooves into which the 
bars are fitted. Each of the grooves is 
specially formed so that when the bars 
are assembled they conform to the curva- 
ture of the dome and are at the correct 
angle. The assembling of the reinforce- 
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Construction. 


ment was commenced from the top, and 
when completed it was covered with a 
wire mesh against which the concrete 
was placed by a cement gun operated by 
men working in cradles suspended from 
the reinforcement. 

The dome at the Schott and Gen 
Works is 131 ft. in diameter, and was 
built on the same principle. In this 
case the erection of the reinforcement 
was started at the bottom by men work- 
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Planetarium. 


ing from a scaffold pivoted from the 
centre of the dome so that it could be 
turned and raised as the work proceeded. 
The weight of the reinforcement in this 
dome is 13 tons, including a light system 
of round bars. The concrete, as in the 
case of the other dome, was placed by a 
cement gun, in courses from the bottom 
to the top. Aluminous cement was used 
to expedite the work. At each operation 
half the thickness of concrete was placed, 
the remainder being placed on each 
course immediately after the first layer 
had been placed on the course above. 
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The Ljungberg Type of Arch. 


IN the construction of long-span bridges 
there are two well-known types, (a) the 
suspension bridge, and (5) the arch with 
either steel or reinforced concrete ribs. 
When a choice has to be made between 
steel and reinforced concrete for type (5) 
the latter is often preferred on account of 
Its better resistance to weather even 
though its cost may be higher for spans 
above 100 ft. Clearly if the scaffolding 
necessary to support the formwork could 
be dispensed with, and if the chief mem- 
bers of the arch could be made of slender 
dimensions, reinforced concrete would 
have an advantage over steel. 

In order to overcome the difficulty of 
costly scaffolding various means have 
been tried. Melan, using multiple lattice 
arches, built up from steel sections, sus- 
pended the formwork from these arches 
and concreted them in to form the 
reinforcement of the ribs. This system 
has been widely adopted in the United 
States. 

In Germany and Austria Dr. Emper- 
ker’s method of construction, employing 
cast-iron reinforcement at high stresses, 
5 In more general use. 

À third method, described recently in 
Le Génie Civil, has been worked out by 
M. Ljungberg of Stockholm. 

In this type of construction the prin- 
cipal reinforcement consists of steel tubes 
of suitable diameters connected by angle- 
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iron diagonals. The tubes, which are 
delivered on the site in lengths of from 23 
to 40 ft., are assembled there. When the 
halves of the arc are complete they are 
placed on barges and lifted by a crane, 
after which the key-joint is made. Such 
a skeleton frame is strong enough to 
support its own weight and that of the 
concrete cast around it. 

Commencing at the springings the tubes 
are filled with concrete through openings, 
which are closed by cover-plates as the 
filling process proceeds. Care must be 
taken to see that the filling is complete so 
that there may be a perfect adhesion 
between the concrete and the tube which 
acts as a hooping reinforcement. 

The formwork of the arch rib 15 sus- 
pended from the tube filled with concrete, 
and the rib is then cast (see section). 
Either Portland or high alumina cement 
may be used, the latter giving a more 
slender rib. The next operation is to 
pour the floor. 

The advantages of this method of 
construction are, (a) the small quantity of 
steel used, the stress being high; (2) the 
abolition of scaffolding or suspended 
centres ; (c) the higher carrying power of 
the concrete owing to its being enclosed 
in the tubes. 

The strength of the compression mem- 
bers is undoubtedly greater than would be 
obtained by a simple hooping. As is well 
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THE LJUNGBERG TYPE OF ARCH. 


Part Elevation of Tubes and Lacing Bars. 


known, the hooping is in tension and 
prevents the transverse expansion of the 
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column, consequently the concrete is 
submitted simultaneously to two сот- 
pressive stresses. Under such conditions 
any material is capable of resisting a 
much higher compressive stress than if 
it were free to expand laterally. In fact, 
von Prandtl and von Karman have shown 
that a certain variety of marble had its 
ultimate resistance to compression in 
creased from 19,500 lbs. per sq. in. to 
80,000 lbs. per sq. in. by submitting it to 
a lateral compression of 23,600 Ibs. per 
54. in. 

In this case the concrete within the 
tube will support higher loads than the 
outer coating, which will only withstand 
the ordinary compressive stresses if both 
the interior and exterior concrete are cast 
at the same time. 

On p. 310 is the design for a bridge of 
493 ft. span carrying two railway tracks. 
In Table 1 are given the stresses due to 
the various partsoftheload. Thus there 
is a considerable saving in concrete as well 
as in scaffolding.—W. S. G. 


steel stress at the crown іп lbs. /in.? 
combined concrete stress inside tube at crown in Ibs. /in.? 


fe! = concrete stresses outside tube at crown in lbs./in.? 


TABLE I. 


Stresses due to 


Wt. of Interior 


Exterior Decking Total. 
Tube. Concrete. Concrete. and Loads. 
Jic ж.:% 2,560 4,550 I2,250 6,830 24,700 
Жаса” — — 1,225 680 1,920 
Jeta. sS i — ` - - 710 710 
mE | | و ا‎ АЕ 
TABLE II.—OvaNTITIES OF MATERIALS. 
-— - | ——U = — — — — — K  -U — — resque сазан — = 
x Ljungberg Type. rdinary R.C. Arch. 
— ——— — - م‎ —— — — т | — — — | -- —— o i cci Sa с 
Concrete . . | 3,63o cub. yds. 4,670 cub. yds. 
Steel . 300 tons зоо tons 


REINFORCED CONCRETE WATER TANKS. 


Reinforced Concrete Water Tanks. 


Tanks Above Ground Level. 
By LESLIE TURNER, B.Sc., A.M.Inst.C.E. 


ТнЕ following designs are suitable for tanks holding up to 6 ft. depth 
of water at or about the temperature of the air. 

The tanks may be of any convenient shape and of any size up to a 
side of, say, 50 ft., but not less than 6 ft. Such tanks fall under two 
heads, namely, those above ground and those below. Each is an entirely 
different structure from the other from the design, and therefore the 
constructional, points of view. The former type will be described in 
detail before passing on to underground tanks ; in both cases, however, 
they are considered as open or uncovered, as the addition of a roof again 
modifies the design. 

Tanks at or above ground level can be dealt with in the manner shown 
in Figs. т and 2. Ап important assumption must here be made, namely, 
that the ground at the level of the underside of the floor is of a reliable 
and consistent nature over the whole area of the tank, and is capable 
of withstanding safely a pressure of at least 1 ton per sq. ft. If there is 
the slightest uncertainty about this the ground should be excavated until 
a reliable stratum is reached and the excavation filled and levelled up with 
I:3:6 concrete to the underside of the floor. 

If the circumstances admit of the floor being lowered this may be 
done up to 1 ft. or so below ground level, in order to save the mass con- 
crete, but it would also be essential to drop the top of the tank walls by 
a like amount so as not to exceed the 6 ft. maximum depth of water. 

On the other hand, if it is desired to raise the tank a foot or two 
above ground, this may be effected by making up beneath with mass 
concrete as above ; but this concrete must be continuous over the whole 
site, as the floor illustrated is only sufficiently reinforced for a continuous 
bearing and would not span over gaps or openings as a suspended floor. 


Floor. 


This consists of a 5-in. slab reinforced with j-in. bars at 18-in. centres 
both ways (at right angles) in the top and in the bottom of the slab. 
The bars should be wired together at their crossings into a mesh, and those 
nearest the surfaces given $ in. cover of concrete. 

The upper layer is retained in position by small concrete blocks or 
metal spacers, which are moved along or taken out as the concreting 
of the floor proceeds. The lower layer can be supported on j-in. bars 
similarly moved along after the concrete has been thoroughly tamped 
around them. 

"m. the floor is laid direct on ground and the latter is at all liable to 
Up into a slurry or mud, it is always desirable to cover the whole site 
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with 2 inches of 1 : 3: 6 concrete to form a firm working surface which will 
keep the reinforcement clean and prevent water from draining out of the 
floor concrete. 

Concreting should be started at one end (outside the wall) and must 
be deposited for its full 5-in. thickness, well spaded and tamped, screeded 
to levels, and carried through to an approximately vertical joint at the 
end of each day's work. 

The bars entering the floor from the wall (і.е. bars “а,” “ b," “с, 
and “ а”) must, of course, be placed and fixed before concreting com- 
mences. 

In order to arrive at the lengths of the crossbars, set out the plan to 
scale, draw on the bars, beginning them where shown on Section AB. 
Arrange the laps (not to be shorter than 1 ft. 9 in.) so that they are 
staggered ; that is, so that they “ hit and miss ” and do not all occur 
along any one section or line across the floor. 

The fewer the laps and the longer the bars (up to, say, 25 ft.) the 
better, for economy in steel and from the point of view of strength. 

In large tanks a fall will probably be required to the floor. This may 
be achieved by sloping the floor, say, 1 in. in то ft., upwards from the 
sump or lower end, or by screeding after a level floor has set. 

А board, staked vertically, will be required around the perimeter of 
the floor as formwork. 


Walls. 

The shuttering for the wall must be rigid and self-supporting, and 
must be provided with loose boards on the outside so that concreting 
апа tamping may be carried up in I-ft. lifts. 

The reinforcement as shown on the drawings must be carefully bent, 
placed, and securely wired and held so that it is not forced out of place 
during the pouring and ramming, particularly with regard to the pn. 
cover of concrete on each face. The notes relative to crossbars БУС 
under “ floor ” also apply here, and the two meshes should be separated 
by spacers made of small-diameter bars hooked or turned at t heir ends. 

The wall indicated in Fig. 2 tapers from 6 in. thick at the bottom id 
4 in. at the top. It may, of course, be made 6 in. thick all the way up 
which simplifies the shuttering and its setting up at the ex pense of à 
little more concrete. The coping, projecting 2 in., should, however, be 
maintained from the point of view of appearance. 

Special care must be exercised at the corners to ensure that the extra 
bars shown in plan E are concreted in correctly. The crossbars Ш 2 
walls must also be turned round 18 in. on the outer face of the adjoining 
wall at the corners. m 

The horizontal portions of the wall bars may be gradually turne s 
radiate into the floor (as shown on plan GH) in order to avoid tw? 22 
overlapping. 
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Ve a ПИ”ТЭГЭМА1: 
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Quantities. 


As the size of the tank is undetermined, and to enable the quantities 

to be ascertained for tanks of any size or shape, the quantities are given 
(1) per square yard of floor 
(2) per linear yard of wall. 

These amounts have only to be worked out for any particular case 
and multiplied by the following figures. N.B.—That area considered as 
Floor extends only from 5 ft. from the outside of the floor (i.e. from where 
the wall bars in the floor are stopped and hooked). Thus, if the ends of 
the floor were 20 ft. apart the area of floor would be computed as то ft. 
(20 ft. less two 5-ft. wall bases). The balance of the floor forms the 
wall base, and must be so considered from the point of view of quantities 
because it contains a heavier proportion of reinforcement. 
FLOOR (per yard super) :— 

Shuttering—5-in. board round perimeter, staked. 

Concrete—9 sq. ft. 5 in. thick : 

Reinforcement — 3-in. bars at 1841. centres both ways, 

in top and bottom straight, including 
a reasonable amount for laps . . IO lbs. 
WALL (per linear yard) :— 
Shuttering—38 ft. super (both sides measured). Add for posts, struts 


3:75 cu. ft. 


and cutting cu. ft. 
Concrete— Wall base (or floor) 15sq. ft. 5 in. thick . . 6:25 
Fillets 6 lin. ft. біп. Бу біп. . 0-75 
18 sq. ft. 5in.av. . . 7:50 
3lin.ft. біп. by 2 in. . 125 
14:75 
ALL HOOKS б UNLESS OTHERMISE DIMENSIONED 1 
о 
5 эл, `0 А 
23 $^ : 
QS ча 
v.g BET "EA Nm. 
4-2” 6:7” ео 
C 2” BARS оу OUTER 
басс OF WALL 
$ a. ar (2° 9C. £ a are Lua AT IZE. $ дл. ar Z. J&maar24 Ж. 
CROSS BARS 15 38 A. BARS OF LONGEST CONVENIENT UNIT. LENGTH. 


2:O° FOR LAPS & ARRANGE LAPS TO BE STAGGERED. 


Special Note.— This design is based on the standard mix of 1:2: 4 
for the concrete, although a little richer mix may be used if desired. 
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In view of the fact that the concrete must be watertight, special care 
must be taken during mixing, placing, and punning, to produce a dense 


concrete. 
day's concreting begins. 


Joints must be well cleaned and grouted before the next 
With reasonable care the thicknesses given 


should be perfectly watertight, although slight seepage may take place 
when the tank is first filled. This, however, should “ take up” in 


the course of a day or so. 


The tank must not be filled for five or six weeks after the last pouring 
(if ordinary Portland cement is used) and the first filling should be gradual, 
extending over a day or two for fairly large tanks. 


Concrete Roads in Palestine. 


AN interesting article on concrete roads 
has appeared lately in the Bulletin of the 
Association of Engineers and Architects 
in Palestine, which is published іп 
English, German and Hebrew. The 
author of the article is Mr. S. Ettingen. 

The importance of good roads in the 
development of Palestine has increased 
enormously of late years as the result of 
the increase of the cultured population 
of the country and the revolution in 
methods of transport. The development 
of industry and agriculture has also con- 
tributed towards a need for good roads. 

The first concrete road was constructed 
in Palestine about four years ago, and up 
to the beginning of this year 120,000 
square yards of concrete roadway have 
been laid down. At first the results 
were poor, owing to lack of experience 
and knowledge and the poor tvpe of 
worker employed. In 1924 experienced 
workmen, machine mixers, and grading 
of aggregate were introduced with very 
satisfactory results. 

First-class roads are laid to a thickness 
of 6 in. in two layers, of which the bottom 
15 1:24:50r 1:3:6 and the top 2 in. 
is 1: I1à:3 or 1:2: 3. Between the 
two layers there is reinforcement to the 
amount of 8} lbs. per sq. yd. 

Second-class roads are 5 in. thick in 
two lavers, the bottom 2 in. thick and 
of similar mixes to those adopted for 
first-class roads; 54 lbs. of steel per sq. 
yd. are emploved in this case. 

Occasionally roads are laid in one layer 
5 in. thick of 1: 2$:4 or 1: 14: 3 con- 
crete with or without steel. 

For the bottom layer, 2-in. broken 
stone aggregate and coarse sand, in 
volume proportions of 2 of sand to 3 of 
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broken stone, are employed. This laver 
is lightly rammed, and after an interval 
of not more than fifteen minutes the 
second layer is placed. А harder quality 
broken stone aggregate is used in the 
top course, which is rammed, hand- 
rolled, and finished with a wide belt to 
the desired contour. For roads over 
23 ft. in width a longitudinal joint 18 
made. 

The coarse aggregate for the upper 
course was wadi stone or stone with à 
compressive strength of from 8,500 to 
14,200 lbs. per sq. in., of which 30 to 35 
per cent. is from 0:2 to 0-6 in. and 65 
to 70 per cent. from 0:6 to r:4 in. The 
water used ranges from 7 to 8 per cent. 
of the volume of the stone and sand 
mixed. The mixing time is 14 minutes. 

Compressive tests of concrete for two 
roads gave the following results : 


Mix. Age. Road A. Road B. 
(^ cub. 
feet. 24 hours 1,400 lb./in.? — 
"ote | reg eub. : k 4 
feet. 3 days 2,220 3.350 
Sand.21cub.ft. 7 ,, 3,140 3.710 
Cement, 880158. 14 ,, 3,725 4.110 
а 21 2 4,550 4.020 
" 28 , 5,300 5,590 


For joint filling a mixture of asphalte 
and coarse sand was used. The number 
of joints is reduced when steel reinforce- 
ment is used, and in Palestine the spacin? 
is usually 65 ft. when the slab is rem- 
forced and 20 ft. for plain concrete slabs. 

The writer complains of the heavy 
concentrated tire-loading which is рег: 
mitted, and suggests a maximum whee 
load of 24 tons and a minimum tite 
width of 3 in. 

W. S. G. 
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English and American Building Costs. 


ONE of the leading Amcrican architects, 
Mr. Harvey Corbett, architect of Bush 
House, London, had much of interest 
to say in a recent address before the 
Roval Institute of British Architects, 
when he discussed the reasons for the fact 
that in spite of wages in the building 
industry in the United States being four 
or five times as high as in this country, the 
cost of building, per cubic foot, is prac- 
tically the same in each country. 

On his visit to London last summer, he 
said, he went carefully into the matter of 
costs for that particular tvpe of com- 
mercial building represented by Bush 
House. He secured a complete tabula- 
tion of building production costs in New 
York and London—a practical list, not a 
supposititious one based on theorv or 
guesswork—an analysis of which vielded 
Some surprising results. АС first glance 
the first list, relating to materials, appeared 
to show a slightly higher cost average in 
New York. Brick and sand, for instance, 
were about the same; wood was much 
more costly in London; but, on the 
other hand, limestone, similar to Bath, 
was more expensive in New York. 

The second list, however, showing the 
cost of labour per working hour, revealed 
an enormous difference. Labour in New 
York was paid at least four to five times 
as much per hour as in London, four being 
a conservative estimate. For instance, a 
bricklayer in London received 15. 944., 
and in New York 7s. 3d., and other rates 
were in the same ratio. 

With these figures in mind, he was 
astonished to find that the cost per foot 
cube of finished commercial buildings was 
actually no more in New York than in 
London. In London prices per foot cube 
for various buildings still showed an in- 
crease of probably 120 per cent. over pre- 
war costs. A large modern office building 
of a substantial and efficient, but plain 
description, could not be built for a figure 
less than 2s. 1d. per foot cube. Examples 
were numerous at from 2s. 4d. to 2s. 94. 
The larger and more ornate buildings 
varied from 3s. 3d. to 5s. per foot cube, 
according to the nature of the work, the 
character of the external elevation treat- 
ment, and the amount of decorative 
finish internally. If he were asked to give 


foot cube figures for these classes of 
buildings in New York, they would be 
practically the same in each case. 

His task was, therefore, to explain how, 
with labour over four times as costly, they 
could build at the same final price for the 
finished structure. 

There were four factors which went to 
make up the actual cost of a building. 
He said “ actual cost '' advisedly, because 
capital cost involved land values, fees, 
commissions on furnishing the necessary 
finances, taxes and interest during con- 
struction, and many other things. If they 
confined the discussion to actual cost, he 
believed they would not only have a fair 
basis of comparison between London and 
New York, but a relatively accurate basis 
of comparison for the whole of the British 
Isles and the whole of the United States. 
And the same comparison would apply 
to other building fields—residential, in- 
dustrial, educational, governmental and 
religious—as well as to commercial con- 
struction. 

The four factors of actual cost were :— 

(1r) Architects' and engineers' services. 

(2) Contractor's organisation costs. 

(3) Material. 

(4) Labour. 

The first item, architects' and en- 
gineers' services, was to all intents and 
purposes the same for New York and 
London, namely, 6 per cent. of the cost 
of the building. 

The second item, contractor's organisa- 
tion costs, might be assumed to be about 
the same. Although in America they had 
larger contracting organisations with 
greater overhead expenses, the volume of 
work done was proportionately greater. 
and hence the overhead charge against 
each job was proportionately less. 

It was more difficult to determine 
whether the third item, material, became 
a natural increased cost in the completed 
building or not. The unit price cost was 
greater in New York than in London, but 
it would be readily understood that that 
would depend on the type of building, for 
in some the biggest item might be brick, 
in others stone, and in others steel. Wood 
in New York was much cheaper than in 
London, and while no wood remained in 
most of the finished buildings it was very 
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extensively used in the process of con- 
struction. If this temporary wood could 
be ripped out and thrown away when it 
had served its purpose,asit was in America, 
labour was saved over the case where it 
was necessary for economy's sake to 
salvage each piece and preserve it for 
future use. However, he believed he 
was safe in assuming, all things considered, 
that material costs were about the same 
in the two cities. 

Hence three out of four factors in the 
actual cost of building were seen to be 
about the same in London and New York. 
It therefore followed that the fourth, 
labour, must account for the great dis- 
crepancy which appeared to exist between 
the cost of production and the final cost. 
New York paid four times as much as 
London for labour, and yet the finished 
fireproof building, on a foot cube basis, 
cost practically the same. | 

One of two things must happen. Either 
in London a great deal more material was 
put in to produce a given foot cube, or 
American labour put in a great deal more 
material per working hour; either in 
London they built more substantially 
than necessary, or Americans erected 
buildings that were flimsy and insecure ; 
either English organisation did not pro- 
vide the facilities for labour to work 
efficiently, or American organisation gave 
the workman every chance to work at 
maximum speed. 

He had watched British labourers at 
work, and he would hesitate to say that, 
when supplied with every opportunity for 
efficient effort, they were any less rapid 
than American labourers. In fact, opera- 
tives from the British Isles were among 
the best of all nationalities from which 
the New York building trades drew their 
labour. 

There was no doubt in his mind that 
London practice was to build more sub- 
stantially—heavier foundations, thicker 
walls, larger floor loads, and stronger steel. 
That alone explained part of the dis- 
crepancy, but not all. American builders 
estimated labour at 60 per cent. of the 
building cost, material at 40 per cent. 
In England that proportion must be more 
than reversed, labour being more nearly 
3o per cent. of the building cost and 
material 70 per cent. Therefore an in- 
crease in the quantity of material per foot 
cube would, of course, affect the final 
building cost more than would an increase 
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in labour wages. But, in spite of that, he 
felt that they must make a careful 
analysis, first, of the physical set-up of 
American buildings as compared with 
English, and second, of the organisation 
of the building industry in the two 
countries. 

As far as physical set-up was concerned, 
the American problem was much simpler 
than the London. New York building 
plots were nearly all rectangular, due to 
the “ grid-iron " plan of the city streets. 
London sites were irregular, with all sorts 
of angles, curves and notches. sthetic- 
ally such a lay-out was undoubtedly finer, 
but practically the American was cheaper. 
It meant that they could use standard- 
sized steel forms, which were easier to 
assemble than irregular ones. They cost 
less because they could be manufactured 
in quantity, and they were easier to put 
in place. They saved money from the 
very plan of their cities. 

The average life of a commercial building 
in New York City was said to be twenty 
years, and the semi-temporary nature of 
the construction was bound to influence 
the building to some extent. Americans 
were therefore inclined to build rather 
sparely without sacrificing efficiency and 
strength. The rapidity with which build- 
ings were put up and torn down in 
America made опе positively dizzy. 
Recently a popular caricaturist satirised 
this extraordinary situation by drawing a 
skyscraper with hordes of workmen 
around its base. The caption informed 
the reader that the building pictured was 
to have been finished in two weeks, but 
now the wreckers had arrived to tear it 
down again. This, the artist went on to 
say, was considered a great advance over 
the usual custom of waiting until three 
months after completion ! 

There were other things which made 
English material costs higher than those 
in New York. In London buildings were 
on earth and clay, which required spread 
footings in the foundation, whereas m 
New York they had to deal chiefly with 
rock; and although rock might be more 
costly to excavate it required less in the 
way of substructure. Furthermore. he 
had noticed that in London they built a 
limited number of stories on foundations 
that were strong enough for many more. 

But the chief physical saving ІП 
America resulted from the great size of 
building operations. On these huge struc 


tures, most of which were concentrated in 
a rather limited area, they were enabled 
to install systems which would be im- 
possible in a series of small operations 
scattered at widely separated points. 
The new Greybar Building in New York, 
for instance, contained 22 million cubic feet 
and vet was built in a year and one month. 
It had 31 acres of carpet area, but covered 
only 68,000 sq. ft. of plot, for it was 
31 stories high. 

The increasing tendency in America 
was for owners to assemble larger and 
larger plottage whereon to put up larger 
and taller buildings. With those huge 
structures, a construction company in 
New York might do only four or five 
jobs in a year, and yet have a total annual 
volume of business amounting to six 
million pounds. To do six million pounds’ 
worth of business in London, a contractor 
would have to spread himself over fifty, 
perhaps a hundred, jobs scattered all over 
the city, with a consequently increased 
overhead, and terrific confusion. 

The crux of the whole situation was 
building organisation. They had probably 
heard over-zealous Americans rhapsodise 
about American efficiency and American 
business organisation until they were sick 
and tired of it. He didn't blame them. 
He was a little worn out by it himself. 
But the fact remained, they had it, and if 
they had not, costs would be prohibitive 
in the building world. When labour was 
60 per cent. of final cost, delays mounted 
up in money with terrifying rapidity. So 
the big construction organisations had 
highly-paid men whose sole business was 
to prevent delays. These men did 
nothing but make weekly and even twice 
weekly inspections of the material during 
the process of its manufacture. They 
followed it up with as stern and anxious 
an eye as any trainer ever followed the 
progress of a Channel swimmer! The 
material must be finished on time, des- 
patched on schedule, and delivered at 
exactly the psychological moment—no 
sooner, lest it clutter the streets and other- 
wise impede progress, and no later lest 
bricklayers and steam-fitters piled up 
wages without doing any work in return. 
The delivery of material to points on Man- 
hattan Island was in itself a task of extra- 
ordinary complication, for much of it 
must change transport—rail, barge, and 
motor truck—several times before it 
reached its destination. 


ENGLISH AND AMERICAN BUILDING COSTS. 


The whole progress of the building was 
scheduled with the same exactitude. 
When a labour gang was finished with a 
certain part of a building it was thrown to 
another part where the material was wait- 
ing for it, or to another building—all on 
schedule to the very hour and minute. 
Since most contracts in New York were 
accepted with heavy penalties for every 
day of delay in completion, the contractor 
must know pretty accurately just what 
the entire time schedule would be before 
the work was even begun. 

The psychological aspect of the labour 
situation was another highly important, 
and oft-times amusing, matter. The 
labourer in the building trades received 
almost fabulous wages. By working over- 
time the labourer could make in a day as 
much as a stenographer or a clerk could 
make in a week. The universities were 
turning out thousands of trained men who 
went into banks and offices, and for 
several years earned considerably less than 
the man who had mastered a mechanical 
trade. 

The result was he had become a gentle- 
man labourer. He, too, was a white- 
collar man—after hours. When his eight 
hours were done, he returned to his com- 
fortable flat, indulged in a shower bath, 
changed from overalls to a suit and sat 
down with his wife and children to a 
beefsteak dinner. In the evening, they 
went to a moving picture or a revue. In 
every sense he considered himself the 
equal, if not the superior, of the clerk 
who did not bear the stigma '' common 
labourer," but who, the labourer knew, 
made a great deal less money. In fact, 
“ common labourer " was hardly a term 
of reproach any more. Anyone who could 
earn $60 and more a week had the respect 
of the proletariat at least. 

He had heard it said that in America 
the difference between a professional man 
and a business man was that one had a 
degree and the other had a Rolls-Royce. 
Similarly, the difference between the 
“ white-collar” man and the labourer 
was that one had a “situation апа 
the other a bank account. Capital might 
still be king in America, but Labour was 
Prime Minister. 

The psychological effect of this seem- 
ingly topsy-turvy condition was extremely 
interesting. It had given labour the 
dignity that must always go with financial 
independence. In England, the labourer 
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was constantly aware of class distinctions. 
He took his orders without dispute, and 
dared not talk back to the boss. In 
America, he felt a certain sense of equality 
with his boss, or at least with his immedi- 
ate overseer. If he did not like the way 
he was treated, he said so, and if he con- 
tinued to be dissatisfied he quitted, 
always sure of finding another job. Of 
course, that made it difficult at times for 
the boss, but there was another side to 
the medal. He felt himself at liberty to 
make suggestions, which the labourer in 
England would never dare make. If he 
found some shorter, more efficacious, way 
of doing things, he spoke up, and if his 
superintendent was intelligent and the 
suggestion good,it was adopted. It gave 
him incentive. Many of the highly-paid 
executives in building concerns in America 
had come up from the ranks in that 
way. 

A great deal was being done to make 
labourers do good and rapid work— 
perhaps too much. Recently a labourer 
working on one of the new Columbia 
University buildings was called before a 
large meeting in the auditorium and 
awarded a certificate of craftsmanship. 
The president of the University was there, 
together with officials of the building 
congress, architects and engineers. There 
were speeches of congratulation, and he 
was given a gold button to wear in his 
coat lapel. That did not mean that he 
received extra pay, or even a bonus, but 
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it meant that he would never want for 
regular work. When he applied for a job, 
he simply had to show the gold button and 
he would be taken on without further 
question. 

But the final effect that high wages had 
on the labourer was that it drew a higher 
class of men. They were more intelligent 
and efficient. Whether the present scale 
of wages was right and proper, or whether 
it was due to come a cropper some day, 
he was not prepared to say. But the 
fact remained that the unions had never 
from the beginning permitted a decrease 
in wages. Апа there still seemed to be 
plenty of work to be done. 

To sum up, the reason why, with pro- 
ducing costs greater, the actual cost of tle 
finished building in New York was prac- 
tically the same as in London, was first, 
the physical set-up of the buildings them- 
selves—standard rectangular forms, less 
material per foot cube, and less ponderous 
foundations. Also, the enormous size of 
the buildings made for concentration of 
effort, and permitted more efficient 
systems of handling material and labour 
to be installed. The very cost of labour 
had compelled them to devise ways and 
means whereby no labouring time was 
wasted. And, finally, the labourer him- 
self was more satisfied with his lot, and 
was enabled to work more contentedly 
and more efficiently, and he had greater 
incentive to better his position in the 
world. 


New Companies Registered. 


AEROCRETE Units (LONDON), Lrp. 
(219784). Registered February 19. 97/ 
98, Abbey House, Victoria Street, S. W.r. 
To enter into agreement with Aerocrete 
(Britain), Ltd., and Aerocrete Holdings, 
Ltd., and to carry on the business of 
manufacturers of concrete, concrete blocks, 
cement, etc. Nominal capital: £11,000. 

INVICTUS FLOORING СО. LIMITED 
(220462). Registered March 18. 53, 
Victoria Street, S.W.I. To enter into 
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an agreement with Аегосгеќе Units 
(London), Limited, relating to the con- 
struction of floors. Nominal capital: 
£2,000. 


Tricon Co., LID. (221160). Regis 
tered April rr. Manufacturers of con: 
crete blocks and tiles, etc. Nominal 


capital: £2,000. Directors: F. C. Sey- 
mour, Ivy Hill, Queen Street, Hitchin : 
W. A. Seymour, Meryl, Lancaster 
Avenue, Hitchin. 


Vu yes PLANNING FORMWORK FOR CONSTRUCTION. 


Planning Formwork for Reinforced 


Concrete Construction. 
By A. E. WYNN, B.Sc., A.M.Am.Inst.C.E. 


The following notes on the organisation of formwork erection for rein- 
forced concrete structures are from Mr. Wynn's book, “ Design and Con- 
struction of Formwork for Concrete Structures," complete particulars of 
which will be sent by Concrete Publications, Lid., on request. 


THE common procedure of sending some timber and nails to the job and 
telling the foreman to get it built as quickly and as cheaply as possible is 
neither fair to the foreman nor conducive to efficiency and economy. 
If he happens to be a particularly good form builder and organiser the 
results may be satisfactory, but he will be an exception. More often 
than not there will be trouble somewhere, the forms will be too weak, cost 
too much, waste too much material, hold up other parts of the work, 
result in expensive finishing, etc., all of which could be avoided by a 
little careful planning ahead of the work and co-operation between the 
office and foreman in charge. The foreman’s duty is primarily to 
organise labour and to get the work done. He should not in addition 
be expected to make form designs, draw sketches for the carpenters, 
and attend to details that could be done more efficiently in the 
office. 

The busy contractor can only make periodic visits to his various jobs, 
so that while he is away he must be assured that the forms are being built 
sufficiently strong, economically, and with proper attention to details and 
planning of the work for maximum speed. The only way he can be sure 
of this is to have standard methods of building forms for different types 
of construction and to lay-out the work, design the forms, and make 
sketches of the several units in the office. The foreman then builds his 
forms according to blue prints as he would any other part of the structure, 
and he can devote most of his time to supervision of labour, in which 
capacity he can make the most money for his employer. 

It is not meant that the foreman should have no say in the planning 
of the work, in the methods used, or in the details of construction. These 
matters should be decided upon in consultation with him in the office 
before the work starts; afterwards his main duty is to carry out the 
work according to pre-arranged plans and schedules. A few hours spent 
In the office will often save many lost days in the field. 

The foreman is, in most cases, a better mechanic than the contractor 
Or his engineer, and he can often suggest improvements in methods and 
details of construction which after trial can be incorporated in the standard 
Plans. On the other hand, the foreman must be willing to co-operate 
with the office when he is asked to use different details than he has been 
accustomed to use. Continuous use of a certain method is apt to make a 
man think there is none other as good or better. Modern construction 
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demands speed. Speed can only be attained by planning every step in 
advance and working to definite schedules. 

The cost of formwork in a reinforced concrete building is approximately 
20 per cent. of the total cost of labour and material. The whole progress 
of the work, and to some extent the cost of other items, will depend on the 
efficient handling of the forms. It should therefore be given the attention 
it deserves. | 

There are three distinct field operations to plan: (т) assembly ; (2) 
erection ; and (3) stripping. Each is dependent on the other, on the 
design of the forms, and the speed schedule for the job. Оп a small job 
the general foreman can look after all operations, but on a job of any size 
he should have a sub-foreman attending to each operation. 

Speed Schedule.—After fixing the time allowable for the completion 
of the concrete frame, the number of days per floor or portion of a floor 
are determined. To maintain this rate of progress sufficient timber must 
be provided, depending upon the length of time the forms must be left 
in before stripping. Footing and foundation wall forms can always be 
used at least twice. One complete floor of column forms will be sufficient, 
as they can be stripped in two to three days. One complete floor of slab 
panels and beam sides is generally sufficient, though a floor-and-a-half 
may be necessary if the area is small. 

Two floors of beam and girder bottoms should be provided, as the 
shores should be undisturbed for eight to ten days. As the second floor 
will probably be completely formed before the first floor shores can be 
removed, two-and-a-half floors of shores are generally necessary ; this 
will allow work to go ahead on the third floor without waiting for shores 
from the first floor. 

If the building covers a large area but is not very high, each floor can 
be divided into two parts and each treated in the same way as a separate 
story. 

In order that the erection of the forms can start at the earliest possible 
moment, the timber must be assembled into panels in advance of the 
time they will be required. For maximum speed of erection and 
stripping as much as possible of the carpenter work should be done when 
making up the panels. 

Office Detailing of Forms.—After deciding on the speed schedule 
required and the method of building the forms, all parts or “ panels 
that can be assembled in advance, and timbers that have to be cut to 
length, should be sketched out on paper, showing all the details necessarv 
and the number of pieces required of each kind. This may seem like a 
lot of work, but if the designs and details are standardised and the detail- 
ing done according to a system it can be done very quickly. 

After a method of construction has been found to be satisfactory and 
to give low costs there is no reason why it cannot be made a standard 
for all similar work. Standardisation will improve the efficiency of the 
workmen, as they will soon learn how to go ahead without waiting to 
be told what to do. It will enable closer costs to be kept and better 
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comparisons to be made of the output of the workmen and the efficiency 
of the foremen. It will reduce the waste in material to a minimum, since 
timber ordered in sizes and lengths economical for one method of construc- 
tion may be quite uneconomical if another method is used. Detailing 
the panels in the office will eliminate mistakes in the field and much waste 
time of expensive workmen, since the assembly carpenters will have their 
work laid out for them on paper and they will not be waiting for instruc- 
tions on the sizes required, the method of building, and the number of 
panels to make. The foreman’s time will be conserved for organising. 
The detail sheets will show the stock lengths ordered for the different 
panels, so waste of timber will be prevented. 

The detail sketches and number of pieces required will also be neces- 
sary for the intelligent ordering of the timber. 

The detail sheets should be made in the order in which they are 
required on the job, unless there is time to make up the whole set before 
they are needed. Rough sketches are first made of the typical panels and 
timbers and the number of each calculated so that the bill of material can 
be got out as soon as possible. Some allowance must be added for waste, 
breakage, and repairs. 

The sketches are then drawn out in more detail on special detail sheets, 
showing all the information necessary for the building of the panels, the 
number required, the stock lengths ordered, the changes necessary on other 
floors and any notes that will aid the erecting foreman. 

Many of the panels necessary can be tabulated on one sheet, a s they 
will be built similarly, only varying in dimensions. For instance, all 
beam sides will be similar; their length and depth may vary, but one 
sketch will do for all. Of course, here and there special panels will be 
required, for which individual sheets must be made out. | 

It is possible to standardise these detail sheets so that from the їг zx €n85 
white prints can be made on which the details are filled in. Sketches П 
not be made to scale, as all necessary dimensions are shown. Sheets 
should be a convenient size, not larger than 8 in. by то in., and prefer ably 
smaller. Only one kind of panel should appear on each sheet. 

A standard system of symbols is necessary in order to identifY the 
panels. The symbol of each panel is marked on the sheet and also on thé 
finished panel. These symbols are tied in to a key plan, which is 55 
for erection purposes. One key plan is sufficient if all floors are alike, 
since any necessary changes in the forms can be shown on the detail 
shcets. If the floors are different a key plan will be necessary for each 
different floor. 

This plan is drawn, taking a section between floors looking up at the 
floor above, and shows the outlines of the concrete members only- | 
panels required are indicated on this plan by symbol. Although original! ) 
drawn to a large scale it should be reduced to a convenient size for hari ПВ 
on the job. 

А simple system of symbols easy to remember is S for slab panel, 
BB for beam bottom, BS for beam side, CS for column side, FS and FE 
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for footing side and end, etc. А number added to the symbol indicates 
the location on the key plan, and if it is necessary to show the floor on 
which a panel is to be used the number of the floor precedes the symbol ; 
for instance, 3BBr2 indicates the beam bottom for beam 12 on the third 
floor. Panels that are similar are given the same symbol. 

The method of making the detail sheets can best be shown by taking 
an actual example, say, of a reinforced concrete factory. It is assumed 
that the reader has followed the previous chapters, showing how to 
obtain the sizes and spacing of timbers, the provisions to make for easy 
stripping, clearances and other details. Fig. 216 shows a key plan for a 
typical floor of a 5-story factory, 50 ft. by тоо ft. in size. The lay-out 
and beam sizes on all floors and roof are kept the same—which is good 
practice—so that one key plan does for all floors. The column sizes 
change from floor to floor, and the changes required to the panels are 
shown on the detail sheets. Following the key plan are shown typical 
detail sheets, covering most of the panels required for the building. 
Twenty sheets would cover all the panels necessary. More notes are 
given than would be required if the carpenters and foreman were familiar 
with the system. The stock lengths for і-іп. boards are not given, 
because this size is generally ordered in random lengths varying from 
10 ft. to 16 ft. Since much of this has to be cut up in short lengths there 
is little waste. 

The system of construction used is (see Chapter IX) slab panels 
resting on loose joists carried on continuous ledgers; beam bottoms 
carried on girder or column sheathing ; beam sides and girder sides built 
with about 1j in. clearance at each end for bevelled keys. Additional 
sheets can indicate the size and number of braces, ribbons, etc. 

Assembly.—The timber pile, saw table, and assembly bench should 
be placed together in a location where there is plenty of storage space 
and where a minimum amount of handling of the panels will be required. 
The relation of each to the other should be such that the timber will pass 
in one direction through the sawmill and assembly bench to the stock-pile, 
which should be nearest the structure. 

If the job is large enough a sub-foreman should be in charge of all 
assembly, from delivery of the timber to the sawmill to delivery of the 
finished panels to the erecting carpenters. 

Copies of the detail sheets go to the saw operator and to the assembly 
carpenters. The foreman picks out the timber required, which is carried 
to the saw table, where it is sawn to the required lengths, and passed on 
to the assembly bench where it is made up into panels. 

Battens, cleats, etc., should be sawn first, so that they are ready at 
the bench when the boards are received. 

The foreman must study the order in which the panels will be required 
so that there will always be a sufficient number of each kind required 
ready for the erectors. 

As the panels are completed they should be marked with their symbols, 
oiled, stacked, and moved to their location in the building as required. 
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When they will not interfere with other work they can be carried directly 
from the bench to the building, piling in small stacks conveniently located 
for the erectors. Braces, wedges, ribbons, mudsills, etc., which may have 
to be cut but not made up are also handled by this foreman. 

Erection.—All panels, timbers, etc., necessary should be delivered 
to the erecting carpenters as required, so that they will not have to leave 
their work to fetch material or wait for it. 

The key plan is the foreman's guide to erection, but at the same time 
he must be familiar with the building plans. He should also have a set 
of detail sheets to show any changes necessary to the forms on upper 
floors. 

Methods and order of erection have been mentioned in Chapter IX. 
The work must be planned so that each operation is kept in advance of the 
succeeding one. The placing of slab panels should closely follow the 
setting of beam sides, so that the steel workers can follow on close behind 
the forms. 

A bench should be set up on each floor where necessary changes to the 
forms can be made. It is seldom economical to send panels back to the 
sawmill to make these changes. 

The erecting foreman must look after the supply of nails, wire, bolts, 
clamps, etc. 

Stripping.—The order of stripping the panels, as mentioned pre- 
viously, depends on the system used. Cleats and keys that have to be 
ханиах before stripping should be nailed on the panels again to prevent 
Oss. 

As panels are stripped they should be cleaned and carried to a con- 
venient place for hoisting, and distributed to their right location on the 
floor above or to the bench if they have to be changed or repaired. 

This foreman will have charge of re-shoring, the method of which 
should be indicated on the key plans. On his ability to strip carefully, 
without damage to the forms, will depend the cost of repairing before they 
can be used again. Panels that are not to be used again should be cleaned, 
taken apart, nails removed, and the timber carried to stockpiles. Care- 
ful stripping and final dismantling of the panels can save the contractor 
much valuable timber. 
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Heat Generated During Setting by Rapid-Hardening 
Portland Cement. 


A SERIES of experiments has been carried 


out to 


ascertain how much heat is 


generated during the setting of ‘‘ Ferro- 


y 


crete 


rapid-hardening Portland cement 


compared with ordinary Portland cement. 


The resu 


lts are shown graphically below, 


and show that the rapid-hardening Port- 
land cement has considerable advantages 
\ for winter construction and in cold 


“climates. 


In order to make a comparison a 
carefully-measured amount of mortar was 
made with each cement, using 3 parts of 
standard Leighton Buzzard sand to I part 
of cement. In each case the amount of 
water added was 12 per cent. of the 
weight of the sand and cement. 

The mortars were gauged and immedi- 
ately put into thermos flasks of 1-pint 
capacity. The flasks were embedded in 
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sawdust, and а thermometer іп а brass 
case containing mercury lowered into the 
mortar. The temperature of each flask 
was recorded at intervals of a quarter-of- 
an-hour for the first 8 hours, and every 
half-hour after that for 2 days and nights. 
After this readings were taken at longer 
periods up to four days. 

From these figures the rise in tempera- 
ture of the mortar as a function of time 
was determined. То obtain the actual 
heat evolved corrections were made to 
allow for the loss of heat by radiation from 
the flasks and for the heat absorbed by the 
rest of the apparatus. 

In the diagram these corrections have 
been made, so that the curves show the 
actual amounts of heat evolved by the 
two cements. This is measured in gram- 
calories per gram of cement in the mortar. 


НЕАТ 


It will be observed that after 12 hours 
more than three times as much heat has 
ben evolved by the rapid-hardening 
Portland cement than by the ordinary 
Portland cement, and that after 24 hours 
the rapid-hardening Portland cement is 
still roo per cent. above the other. At 
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the end of four days the rapid-hardening 
Portland cement generated зо per cent. 
more heat than the ordinary Portland 
cement with which it was compared. 

The diagram shows that even after four 
days heat is still being produced by both 
cements. 


Stresses in Reinforced Concrete Beams. 


THE diagrams on pp. 334-5 are by Mr. УУ. T. Gedge, who writes : 
“А similar diagram to this for a homogeneous beam, such as a rolled steel 


Joist, is often given in text-books, etc., but these are of little value to show the 
internal stresses of a reinforced concrete beam where there are two different 
substances making the beam. 

" The diagrams have been designed compatible with the maximum flexure 
stresses given by the London County Council Regulations, namely, 600 and 16,000 
lbs. per sq. in. for the concrete and steel respectively, and give the direction and 
magnitude of the principal tensile and compressive stresses due to the bending 
and shear loads for a uniformly loaded beam of any span. 

"It will be noticed that these diagrams show the necessity for, and the 
method of, placing shear reinforcement, or rather reinforcement necessary to 
provide for the inclined tension, and the necessity of regulating the dimensions 
of the beam to keep the inclined compression within safe limits."' 

[While we have pleasure in publishing these diagrams, we would point 
out that 1,065 lbs. per sq. in. is a much greater stress than concrete can resist 
in tension; it is inconsistent with the usual basis of design under which the 
tensile strength of concrete is ignored, and also with the curve given showing the 
vertical distribution of shear.—EDs.] 


Recent Patent Applications. 


243.727.—P. Ferrier: Reinforced concrete. 265,807.—6. УУ. Rawlings: Concrete 
244.756.—H. S. Spackman: Hydraulic buildings. 
: 22 265,817.—H. F. H. Poole: Concrete 
4 p явас Ebers: Manufacture of ventilating brick. 

emen ; 

| 65,861.—A. Wolfsholz: Concrete piles. 

7545 —]. H. Southern and R. Hill 2 088.—H Hallam : Concrete i 
А & Со. Ltd.: Reinforcement. | | Dr B. B : Rei force 
2 95,304.—L. ]. B. Blake: Concrete 266,260.—Dr. . auer : einforce- 

mixers. ment. 


265.474--0. B. Brader: Centering for 
concrete floors. 


205,494.—G. Hertyka: Manufacture of 
cement, 


26 - ЭР 
/$.752.—W. Sabatini: Reinforced con- 
Crete, 


266,457.—E. J. Burge: Supporting con- 
crete shuttering against walls. 

266,814.—A. C. Knipe: Cement. 

267,339.—W. Hopkins: Consolidating 
concrete. 

267,642.—R. Illemann: Concrete pipes. 
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BEAMAS. (See р. 333.) 


W. S. GRAY. 


The Rigidity of Joints in Reinforced Concrete. 
By W. S. GRAY, B.A., M.A.I. (Dublin). 


FRoM the point of view of design of reinforced concrete structures engineers 
may be divided into two main groups, (a) those who neglect the stiffness of the 
columns when calculating the moments in continuous beams, and (b) those who, 
taking account of the column stiffness, design the beams for the reduced moment: 
resulting from this stiffness. Although the first group is in England numerically 
greater than the second, this is by no means the case on the Continent where 
much importance is assigned to the consideration of continuous structures as 
rigid frames. In America also the Joint Committee regulations allow designers 
to use a reduced bending moment in continuous beams which are monolithic 
with the columns. 

The new German regulations specify definitely the column moments to be 
designed for in terms of the relative stiffnesses of the beams and columns. As 
is well known, Dr. Faber was the first engineer to present to English readers a 
ready method of calculating the column moments. 

The principal argument of those in the first group mentioned in favour of 
their method is that a reinforced concrete structure is not a perfectly elastic 
system, and consequently the stresses and moment distribution deduced from 
the computation of such a structure as perfectly elastic are not reliable. If 
this argument were to be followed to its logical conclusion it would entail “° scrap- 
ping " the existing regulations, to which these same designers work, specifving 

[2 wl? 
ын zu etc., for the moments in continuous beams over free supports. The 
coefficients in such rules are derived from the elastic theory, and in fact a con- 
tinuous beam on knife-edge supports is nothing more than the limiting case of 
a beam monolithic with the supports when the stiffness of the columns compared 
with that of the beam becomes very slight. 

Tests made in Germany * and in America by A. Mishi have shown that 
there is complete continuity of the column and beam even when, as in Dr. Probst $ 
tests, no additional steel, beyond the straight column bars running up into the 
beam, was used to insure that the joint would remain rectangular and that the 
change of slope of the neutral axes would be equal. 

Dr. Probst found that in a three-span rigid frame tested bv him the 
continuitv between beams and columns increased the resistance to primary 
cracking in the loaded spans by 28 per cent., and the resistance to failure, Ву 
passing the elastic limit of the steel, by 40 per cent. when compared with a similar 
three-span beam on knife-edge supports. The frame tested was by no means 4 
“ model ” size, each span being то ft. and each column ro ft. clear height. The 
end columns cracked first at the top on the outer faces, as was to be expected. 

Mr. Mishi's experiments on a number of different shapes of frames gave 
conclusive evidence of the existence of tensile cracks in the outer faces of the 
end columns and of the continuity of the joints. 

At the American Concrete Institute's Convention in 1924 Mr. F. E. Richart 
stated that “ по very extended examination of reinforced-concrete buildings К 


* Untersuchungen am durchlausenden Eisenbeton Konstructionen, Бу Dr. Ing. Probst. 
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necessary to demonstrate that the average wall-column contains a number of 
cracks which, from their position, are obviously produced by bending stresses. 
Such cracks are often unsightly ; on the exterior face of the column they may 
affect its durability." 

Undoubtedly the introduction of haunches at the junction of beam and 
column and the consequent local increase in the beam stiffness at its ends will 
cause the moments at the beam ends, and therefore also in the columns, to increase, 
and those at the middle of the beam to decrease. In such a way a practical 
design will differ from the ideal elastic structure which is analysed, but allow- 
ance can be made for this alteration in moment distribution by designing the 
beams for the moments calculated and the columns on a slightly conservative 
basis. In this way the structure will be safe and the beams, if anything, will 
be stronger than necessary. 

In America tests have also been made on completed structures (the Shredded 
Wheat Factory, the Soo Line Freight Terminal, the Western Newspaper Union 
Building, etc.) and in all cases it was shown that quite large bending deforma- 
tions existed in columns located at the edges and corners of the loaded areas. 
Fine tension cracks were observed in the columns. 

It would seem that engineers have been misled in some cases by drawing a 
false analogy between steel and reinforced concrete structures. With the object 
of simplifying calculations assumptions have been made which, however correct 
thev may be for steelwork, do not apply in reinforced concrete design. 

Steel is a ductile material capable of a very large extension before fracture, 
and the secondary stresses which by calculation are very high (sometimes they 
are equal to the primary stresses) only produce a local effect. Even if they pass 
the elastic limit a fracture does not occur; there is only a permanent set which 
15 not necessarily injurious. On the other hand high local stresses may produce 
unsightly cracks in reinforced concrete, which is not a ductile material. In 
water-tight constructions such cracks are, of course, fatal. 

One of the foremost advocates of taking the column stiffness into account 
is Professor G. Magnel, of Ghent, who was formerly engaged with one of the 
principal designing and contracting firms in London. He has recently issued 
the second part of his course on reinforced concrete * in which he expounds his 
method of calculating the moments in columns and beams of rigid frames and 
gives influence lines for moving loads on such structures. From these curves 
one may calculate in a few minutes the maximum moments due to any system 
of loading, whether fixed or in motion. One need not assume that the column 
rigidity is nil when using this book. The methods of Professor Magnel are sufh- 
ciently quick to be used in the ordinary drawing-office. In fact the writer has 
used the older edition of this book for some years and found it extremely useful 
when designing crane gantries, continuous span bridges, etc. 

In Professor Magnel's method the horizontal deflection of an unsymmetrical 
or unsymmetrically-loaded frame is neglected. This is a reasonable assumption, 
as the sides of slabs are often restrained, and in any case the slabs may be regarded 
as very deep girders, in a horizontal plane, with very small deflections. The 
neglect of this deflection is of little consequence. In 1922 the writer gave the 
results of calculations on the moments in a three-span rigid frame under unsym- 


9 Pratique du Calcul du Béton Armé, G. Magnel (Van Rysselberghe & Rombaut, Gand). 
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metrical loading * and horizontal deflection and his results differed but little 
from Professor Magnel's, which neglect the deflection, although the amount of 
work involved in deducing th«m was much greater. 

New matter concerning slabs supported on all four sides and continuous 
slabs has been added and comparisons are made between the results given by 
Dr. Lewe іп Pilzdecken and by M. Mesnager. 

The book is accompanied by a large number of useful diagrams. 


* Australasian Association for the Advancement of Science, 1922 Meeting at Wellington, 


N.Z. 


Questions and Answers relating to Reinforced 
Concrete. 


Readers are cordially invited to send in questions relating lo concrete. These 
questions will be replied to by an expert, and, as far as possible, answered at 


once direct and 
interest. 


8 ntly published where ie 
Readers should supuly full name and address, but only initials will be 


they are of sufficient general 


published. Stumped envelopes should be sent for replies.—ED. 


Reinforcement of Tank. 


QUESTION.—I should be obliged if you 
would clear up the following difficulties 
to me: 

In “ The Concrete Year Book, 1926,” 
Chapter 5, dealing with water towers, 
reference is made to reinforcement as 
follows: '' The reinforcement should be 
disposed as symmetrical as possible and 
in such a manner as not to neglect the 
stresses due to shrinkage and temperature 
variation. <A factor not to be neglected 
is the stresses in a structure of this kind 
when one side is exposed to the direct 
action of the sun and the other side is 
kept cool.” 

What means are adopted in practice to 
provide for 

(a) The stresses due to shrinkage and 
temperature variation, 

(0) The action of the sun’s rays in heat- 
ing one part and leaving cool another part. 

What is the minimum diameter of tank, 
where allowances for such stresses need 
not be made? 

On page 70 of the same book the 
American specification deals with water- 
tight joints, and states: '' Vertical joints 
shall be made by a metal water-stop.”’ 
What is a metal water-stop? Is the 
joint obtainable on the market ? 

Malta. L. GATE. 


ANSWER.—Stresses due to shrinkage 
can be reduced to a minimum by avoiding 
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too wet a mixture of concrete and employ- 
ing a high percentage of steel in both 
directions on both faces, whether this 
steel is required to resist stresses due to 
water pressure or not. Steel stresses due 
to water pressure should be kept low, 
certainly not above 8,000 Ibs. per sq. 11. 
The steel should. be in the form of small 
rods at close centres rather than large 
rods far apart. Stresses due to unequal 
heating or cooling, as, for example, those 
due to the sun's rays on one side of a 
tank, are kept to a minimum by making 
the walls thin so that with a dennite 
temperature gradient the difference їл 
temperature from the outside to the 
inside will be small. This consideration 
also leads to a thin wall amply reinforced 
in preference to a thick wall with less 
reinforcement. There is no minimum 
diameter below which these considerations 
do not apply, but a small tank would 
naturally be thinner and therefore less 
subject to temperature stresses. 

The metal water-stop referred to in the 
American specification probably relates 
to a piece of copper sheet, half of which 
is embedded in the first portion concreted 
on one side of the vertical joint, and the 
second half of which would be embedded 
in the second portion on the other side. 
So far as we know there is no special 
material on the market superior to the 
plain commercial article for this purpose. 
--О. F. 


REINFORCED CONCRETE JETTY IN PORTUGAL. 


Reinforced Concrete Jetty in Portugal. 


THE reinforced concrete jetty described 
was constructed recently by the Lisbon 
Coal and Oil Fuel Co., Ltd., at Banatica, 
on the Tagus opposite Lisbon. This 
Company possesses an installation for 
storing and handling of petroleum along- 
side the river. A few years ago a rein- 
forced concrete jetty was constructed 
on cylinders and reinforced concrete 
piles, but owing to the development of 
the business it was found necessary to 
construct a new jetty, or rather to recon- 
struct an existing composite timber and 
concrete jetty which was falling into 
disrepair. The considerable amount of 
current which exists at this part of the 
Tagus, and the fact that the beach sud- 
denly shelves down to a very great 
depth, presented considerable difficulties 
in the construction of the work, which 
was carried out departmentally under 
skilled supervision. 

The design of the. reinforced concrete 
work was entrusted to Messrs. Edmond 


FEL 


Vá 


Coignet, Ltd., of London, who had already 
designed an extensive jetty on the 
Thames for an associated company several 
years ago. The illustrations which we 
reproduce show the completed work, and 
the jetty in course of construction. The 
total length of the jetty is 142 ft. and the 
pier head is about 8о ft. by a width of 
33 ft. Only half of the approach was 
constructed in reinforced concrete, the 
remaining half being a composite struc- 
ture of timber and concrete which formed 
part of the original jetty approach. 
Owing to the considerable depth of 
water in front of the pier head some of 
the piles, which are 15 in. octagonal, had 
to be no less than about 6o ft. in length, 
and heavily reinforced on account of the 
difficulty in handling and the heavy loads 
coming upon them. Piles were driven 
by means of an ordinary drop-monkey 
weighing three tons, and a steam winch. 
This plant was supplied by the British 
Steel Piling Co. of London. The structure 


Pile Driving. 
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Reinforced Concrete Jetty in Portugal. 


15 strongly braced together by means of reinforced concrete work has been thor- 
horizontal and diagonal braces, all of these oughly protected against damage from 
members being pre-cast. After the piles ships or barges by means of heavy fenders. 
Were driven the concrete around the bars Aluminous cement was used for the 
was stripped, leaving the core intact, construction of the piles, and very good 
and the bars of the braces were bent results were obtained by this method. 
round the vertical bars of the piles, after The whole of the work was carried out 
which the joint was encased in concrete. by local labour, with the exception of 
до of the photographs shows the size the supervising engineer. In spite of this 
t € oil tank ships which the jetty has difficulty, however, the work was satis- 
? accommodate. The whole of the  factorily carried out. 


ТЗЭ хайн Municipal Directory."— This Directory furnishes lists of all the 
with dl county, urban and rural district councils in Great Britain and Ireland, 
molas deis of their officials, whilst those of the most important foreign and 
Sk neve untries are also given. In addition to the Directory, the volume constitutes 
eee Pares and handbook of reference on practically all aspects of municipal 
гад: a enterprise, for it contains articles on a variety of subjects, including 
tion, sta r making, sewerage and sewage disposal, concrete and concrete construc- 
bor. PP Ra passed and departmental orders issued during 1926, notes on legal 
ments and ecting local authorities, housing and town planning, Government depart- 

their officials, etc. Тһе 1927 volume has just been published at ros. 6d. 
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СМОЛА 


Mild versus High Tensile Steel. 


SOME interesting correspondence has 
passed between the Ministry of Transport 
and the Weston Concrete Engineering 
Co., Ltd., on the question of the relative 
value of mild steel and high tensile steel, 
particularly in relation to concrete road 
construction. 

The correspondence arose out of a 
clause in the Ministry's specification for 
special trunk road contracts, as follows : 

“ Steel reinforcement may be either 
of rolled steel with a yield point of not 
less than 32,000 lbs. per sq. inch, or 
high tensile steel with a yield point of 
not less than 72,000 lbs. per sq. inch. 

“ The working stress іп the case of 
the former shall not exceed one half of 
the above minimum yield point, and in 
the case of the latter it shall not exceed 
one third. 

“The type and form of reinforce- 
ment shall be selected by the engineer, 
but for guidance the following informa- 
tion is given. 

“The weight of a single layer of 
rolled steel reinforcement should not 
be less than 7 lbs. per super yard, and 
where double reinforcement is used the 
weight of the top and bottom layers 
should not be less than 14 lbs. per super 
yard. 

“ The comparative equivalent 
weights of rolled high tensile steel on 
the above-mentioned basis would be 
found as follows : 

10 lbs. per sq. yd. minimum yield 

point 32,000 lbs. per sq. in. Equiva- 

lent high tensile steel with a mini- 
mum yield point of 72,000 lbs. per 
sq. in. should have a weight of 
1 х 32,000 " 
IO X 1 67 64 lbs. per sq. yd. 

In the course of the correspondence it 
was urged by the Company that there 
was no valid reason for the preference 
shown by the Ministry in favour of high 
tensile steel, and these arguments were 
strengthened by reports from Messrs. 
David Kirkaldy & Son, Dr. Oscar Faber, 
O.B.E., D.Sc., Messrs. Considére Con- 
structions, Ltd., and Mr. G. Topham 
Forrest, Architect to the London County 
Council. 

In the course of their report Messrs. 
Kirkaldy stated : 

“ The essential requirement in road 
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slabs, and in all concrete structures where 
cracks cannot be permitted, is a concrete 
of high tensile strength. It follows also 
that the usual light steel mesh put into 
road slabs is not there for imparting 
strength to the slab, as most road engin- 
eers will readily admit. Further, the 
grade of steel is quite immaterial so far 
as the usual life of a road slab is con 
cerned, for the concrete cracks long before 
the elastic limit of the softest steel is 
reached. A high tensile steel only begins 
to be of greater service than a mild steel 
when a structure has become cracked. 

“ Actual tests of similar slabs show 
that the bending moment at which the 
first crack appears is independent of the 
grade of the steel mesh. The ultimate 
strength of the slab is not independent 
of the grade of the steel, but the соп- 
ditions under which such strength 5 
developed are not likely to occur in à 
decent roadway.” 

Dr. Faber, in his report, stated that 
the subject was one that he had studied 
very closely and had had ample oppor- 
tunity of collecting all the facts which 
appeared to bear on the question. 

"I am," he said, “ aware that the 
Ministry of Transport allows 6% lbs. of 
drawn steel wire as equivalent to 10 lbs. 
of mild steel rod as road reinforcement. 
In my view this is entirely fallacious, and 
I would not myself be willing on work for 
which I was responsible to allow any 
reduction in the weight of steel used 45 
road reinforcement by reason of the sub- 
stitution of drawn wire instead of mild 
steel rod. I have, in fact, constructed 
several roads which are standing UP 
against the heavy traffic very excellently, 
and in these mild steel reinforcement has 
always been used. 

“ The reasons why I should not allow 
a reduction in the weight of steel if drawn 
wire is substituted, are the following: 

“ (1) The object of introducing steel 
into roads is principally : (a) to obviate 
cracks due to shrinkage, (b) to obviate 
cracks due to overstressing produced by 
bending of the slab under the point load 
of the traffic. 

“ (2) The amount of reinforcement 
used in roads as commonly designed 1 
the Ministry of Transport's schemes » 
so small that the moment of resistance 
of the slabs after they have cracked. 


Мау, 1927. 


Beautiful Tiled Walls = Tess 
cost than ordinaru НЇ 


Ordinary tiling, requiring skilled labour to fix and 
specially prepared walls, has hitherto been within 
the reach of but few. Now the introduction of 


“Регтапие” Asbestos Tiled-Sheets renders tiling an 
economy, for these sheets have all the 
appearance of best tiles, but cost infinitel 

PREVARSEERRER M eon be installed at a fraction of i 
labour cost and will not fade, discolour 
or crack. The highly glazed surface is 
impervious to heat or steam. 

The standard sheets, 48 in. x 48 in., can 
be fixed to timber battens or a brick wall, 
if plugged and strapped (no plaster is 
necessary in the case of new houses), 

Both Dado and plain tied and there is no danger of the tiling lifting 

effects are now available in ОГ Working loose. 
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when the steel takes the whole of the 
tension and the concrete the whole of 
the compression, is not appreciably 
greater, and is sometimes less, than the 
moment of resistance of the slabs before 
cracking when the concrete resists the 
tension. 

“ You submitted to me a report from 
Messrs. David Kirkaldy & Son showing 
that an 8-in. slab containing a single wire 
mesh of an effective area of 0-14 sq. in. 
per ft. width of slab placed at a distance 
of 14 in. from the tension face of the slab 
would have a moment of resistance of 
25,600 165. before cracking, assuming 
that the concrete takes the whole of the 
tension at a stress not exceeding 200 lbs. 
per sq. in., but the effect of the reinforce- 
ment is to increase this to 26,620 in. lbs., 
and that after cracking this moment 
would produce a tensile stress of 31,400 
lbs. per sq. in. in the steel and 440 lbs. 
рег sq. in. in the concrete. 

“ These figures I agree with, and they 
seem to me to show conclusivelv that as 
the reinforced slab after cracking is no 
stronger than the plain concrete slab 
before cracking, the object of the rein- 
forcement cannot be to increase the 
moment of resistance of the slabs, because 
it will be seen that it does not achieve 
this object, and if this is desired or 
acquired it is necessary to use a con- 
siderably greater percentage of steel. 
As, however, in ordinary road practice 
this is not done one cannot escape the 
conclusion that the steel is not intro- 
duced with the principal object of increas- 
ing the moment of resistance. 

(3) When, however, the action of 
Steel as preventing cracks due to shrink- 
age of the concrete is considered, experi- 
ence shows that the effectiveness of the 
steel for this purpose depends on two 
things: (a) the percentage of steel used, 
(b) the bond or adhesion between the 
steel and the concrete. 

"When a crack in a concrete slab 
occurs, having some definite width, for 
example, її in., an examination of the 
steel at this point does not indicate that 
the steel has drawn out into a neck suth- 
cient to give this elongation locally with- 
out slipping in the concrete at either side. 

" What actually happens is that the 
steel slips in the concrete for some con- 
siderable distance on either side of the 
crack and the wid th of the crack really 
represents the extension in the steel in 
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the length which has slipped. It is 
further found that cracks below a certain 
thickness do not appear to permit the 
introduction of air and water to the 
reinforcement so as to produce corrosion, 
but that when a definite thickness of 
crack has been existing such corrosion 
is set up and ultimately destroys the 
slab in the neighbourhood of the rein- 
forcement by a splitting action following 
the increase in size of the steel when it 
rusts. 

“ [t is, therefore, of the greatest import- 
ance to keep cracks as few and as small 
as possible, and this is undoubtedly 
effected far better bv commercial mild 
steel rods of full section than by drawn 
wire reinforcement of a small section, 
both by reason of the increased surface 
area of the mild steel rod and by reason 
of its relatively rough surface as com- 
pared with the smooth drawn surface 
of the wire which from this point is the 
worst possible surface which could be 
provided. 

“ From the point of view of the pre- 
vention of cracks there can, I think, be 
no question that a rough surface and a 
large surface area are important con- 
siderations, and these are provided by 
mild steel far better than by drawn wire. 

“То my mind, structures like rein- 
forced concrete roads must be protected 
against the corrosion of the reinforce- 
ment if the reinforcement is not ulti- 
mately to be a detriment rather than an 
advantage, because once corrosion is 
allowed to start the destruction of the 
concrete round the reinforcement follows. 
To my mind this protection of the rein- 
forcement from corrosion requires that 
cracks in the concrete shall be reduced 
both in thickness and in number to an 
absolute minimum, and I am satisfied 
that this 1s best done by providing the 
maximum possible bond between the 
steel and the concrete by using commer- 
cial rods in a large area with a rough 
surface. 

“ (4) Even taking the point of view 
of those who base their arguments 
entirely on the fact that a drawn wire 
has a higher tensile strength and perhaps 
a higher vield point than a mild steel 
rod, even if the latter has a somewhat 
greater sectional area, it follows at once 
that this higher stress cannot be brought 
into play without providing greater 
elongation per foot run, and therefore 
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more cracks and wider cracks. When 
it is remembered how much more readily 
the bond is broken with drawn wire 
even at the same stress as mild steel 
it will be clear how much greater the 
tendency will be to produce cracks with 
the wire which ultimately allows cor- 
rosion to be set up. 

“ (5) If there were any real advantage 
in using high tensile steel in reinforced 
concrete these advantages would be far 
greater in the case of internal structures, 
such as beams supporting floors in a 
building where the problem of corrosion 
is less serious, yet even here the best 
practice prohibits its use. No official 
regulations in England permit of its 
adoption with higher stresses, and in the 
countries like France where reinforced 
concrete has made even more headway 
than in England, and where the rein- 
forced concrete engineers have not been 
backward either as pioneers of rein- 
forced concrete nor in its latest develop- 
ments, the steel used is one having a con- 
siderably lower tensile strength than the 
British Standard Specification for mild 
steel, and the stresses used by them are 
also lower. 

“ Put in a nutshell it almost comes to 
this: That high stresses and smooth 
surface make for bad cracking in rein- 
forced concrete ; bad cracking shortens 
the life of reinforced concrete and is to be 
avoided at all costs.” 

Messrs. Considére 
Limited, stated, in part: 


Constructions, 


344 


JONCIU E 


* The use of high stresses consequent 
on the employment of high tension steel 
is open to many technical objections, 
and to many practical objections also. 
The chief of the former is due to the fact 
that, since the modulus of elasticity 0 
both qualities of steel is the same, iden- 
tical unit stresses produce identical 
elongations. With both mild steel and 
high tension steel, this phenomenon con- 
tinues far beyond the point at which the 
concrete surrounding the reinforcement 
cracks. Therefore, the fact that the 
high tension steel has a higher yield point 
may be of use in other branches o 
engineering, but it is of no interest at 
all to designers of reinforced concrete, 
since the practical limitation of working 
stress is dependent on the point at which 
the concrete cracks. Therefore, what 
ever working stress is allowed on rem- 
forcement of mild steel, the same and no 
more should be allowed on reinforcement 
of high tension steel.” 

The correspondence was concluded by 
the following letter from the Ministry: 

“ The opinions expressed in the reports 
have been carefully considered, and 1t 5 
agreed that a higher percentage of steel 
than at present used in reinforced com 
crete roads would be greatly desirable. 

“ Having regard, however, to the 
present practice in this respect, th 
Minister does not propose to make any 
change in the clause in the specification 
for trunk road schemes relating to 10? 
reinforcement.” 


DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. 5. 4. 
Best Washed Sand . . . . . . peryard 16 o 
Clean Shingle, 3 in. mesh . ; : : ; à қ р ii I4 0 

№ 2i $ in. mesh . : : 4 : : ; : " 15 6 
Thames ballast . š š y š 5 š š : : 8 10 6 
Broken brick (} in.) š : M I1 6 
Best British Portland Cement (deliv ered London area). š perton 585. to 63 6 
Rapid-Hardening Portland Cement . à . . delivered London 105. per ton extra 
ш Super-Cement s А А . рег ton 88s. to 93 o 
* Lightning" Brand Ajuminous Cement . š s i š " 1005, to 105 6 
Ciment Fondu š Я š š : š Я . works #.0.г. 95 0 
BOARDING FOR SHUTTERING— Sawn. Wrot. 

5. d. 5. 4. 
Iin . . . . . : A š . per square 23 6 27 6 
1] in. . . ° А š : : š ; - 29 6 33 6 
Ij in. . : š . . š : è : ë 35 6 41 O 
SAwN TIMBER FOR STRUTS AND SUPPORTS— 
3 in. by 4 in. š 1 š à . from {22 per standard 
3 in. by 6 in. and 3 in. ' by 7 in. . : : Я 2. а 29 ^3; 22 
MILD STEEL RODS FoR REINFORCEMENT— 5. 4. 
in. to 21 in. Rounds . . š . | ° ; . percwt. 10 6 
Y in. to 1 in. Rounds . s š . š Я : . is 10 9 
1 in. Rounds е | . . . š š 5 3 2s II O 
1 in. Rounds . . . : : Š "A 12 O 


Breeze Slabs per yd. super: 2 in., 1/11; 2] in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING :0 PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . . . . қ . per foot cube I II 
Do. do. in columns ° : : T š Š „ ” 2 1 
Do. do. in beams. : : 4 EN » 2 3 
Do. do. in floor slabs 4 in. thick . š : . per yard super 6 o 
Do. do. in floor slabs 5 in. thick . : : I " s; 7 6 
Do. do. in floor slabs 6 in. thick . š š ; МЫ y 9 o 
Do. do. in floor slabs 7 in. thick . : 5 : " 22 10 6 
Do. do. in walls 6 in. thick. 1 8 8 

(Add for hoisting 3s. 6d. per yard cube above ground-floor level. Add jor “« Ferrocrete " 
Is. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CurTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 
From $ in. to š in. . : š . 4 . . . percwt. 22 6 
» й іп. to t£ с. , à ‹ : $ š s : "T 21 6 


in. to 2 2 5 : . 20 6 
EXTRA LABOUR Ir TO. BENDS in tin, rods, M.; j-in. rods, 1d. ; kin. "rods, 114., 
141. rods, 14d. ; j-in. rods, 144., j-in. rods, 2d. ; I-in. rods, 214. ; Ij-in. rods, 
3d. ; 1]-in. rods, 31d. ; 14-ш. rods, 41d.; 14-in. rods, 64. (per bend рег cwt.). 
nuc LABOUR TO HOOK BENDS: lin, 14.; 4 in., 2d.; 4 in., 24d.; $in., 
; din.,3id.; Tin. 4d. ; 1 in., 44d. ; 14 in., 6d. ; 11 in., 74. (per bend рег cwt.). 
s T s. d. 
Shuttering and Supports for Concrete Walls (both sides measured) per square 59 o 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 


Io ft. high š А : , persquare 55 o 
Do. do. in small quantities . š . e per ft. super O Io 
Shuttering andSupports to Stanchions for easy removal, average 1810. by18in. 
рег ft. super о 11% 
Do. do. as last, in narrow widths. қ TT I 1% 
Do. do. to sides and soffits of beams average in. Py: 12 И" I 1% 
Do. do. as last, in narrow widths. : Yir 795 I 32 
Raking, cutting, and waste to shuttering . : : š perft.run o 3 
Labour, splay on ditto . : js o 2 
Small angle fillets fixed to internal angles of shuttering toform chamfer,, m о 3 


WAGES.—The rates of wages on which the above prices are based are:—Carpenters 
and joiners, 1/9j per hour; Carpenters working on old shuttering, 1/10} ; Labourers 
on building works, 1/44; Men on mixers and hoists, 1/54; Bar-benders, 1/54. 


(* This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyright.) 
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Prospective New 


ABERDEEN.—Road.—The Corporation 
Streets and Roads Committee has decided 
to extend Anderson Drive southwards 
from Great Western Road to the Bridge 
of Dee. The cost is estimated at £17,180. 

BALLYMENA.—Houses.— The К.р.С. 
proposes to build 193 houses in the rural 
area. The cost is estimated at /64,500. 

BARNSTAPLE.—Houses.—The T.C. has 
instructed the Surveyor to prepare plans 
for the erection of 22 houses at Mill 
Road and Pottingdon Road. 

BEXLEY.—Concrete Bungalows.—The 
U.D.C. has applied for sanction to borrow 
£30,500 for the erection of 50 concrete 
bungalows on the “ Nash " system. 

BEDWORTH.—Houses.—The  Foleshill 
R.D.C. has prepared schemes for the 
erection of 730 houses in the parishes of 
Bedworth, Stoke, Stoke Heath, Wyken, 
Bingley, Walsgrave, Exhall, Foleshill, 
Withybrook, and Willenhall. 

BippuLPH.—Howses.—The U.D.C. has 
decided to build 50 houses in Station 
Road. 

BOURNEMOUTH.—De fence Works.—The 
T.C. has applied for sanction to borrow 
£10,000 for the extension of the sea wall 
and promenade on the west of Fisherman’s 
Walk. 

BRAINTREE. — Houses. — The U.D.C. 
has instructed the architect to prepare 
plans for the construction of 56 houses 
on the Cressing Road site. 

BRAMLEY.—Houses.—The Rotherham 
R.D.C. is to erect 22 houses in Bramley. 

CANVEY ISLAND.—Concrete Road.—The 
Council proposes to construct a reinforced 
concrete road across the island. Тһе cost 
is estimated at £50,000. 

CHESTER.—Houses.—The Corporation 
Housing Committee recommends the 
Council to apply for permission to borrow 
money for the purchase of a site in 
Holls Lane. 

CHORLEY. — Houses. — The Housing 
Committee recommends the T.C. to build 20 
houses on land adjoining the Rangletts site. 

CHORLTON.—Houses.—The Town Plan- 
ning Special Committee recommends the 
Manchester T.C. to approve of the con- 
struction of тоо houses in Buckingham 
Road, Chorlton. 

CHRISHALL, EssEx.—Reíaining Wall. 
—A retaining wall, estimated to cost 
33,024, 18 to be constructed at Chrishall. 
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CORRINGHAM. — Road. — The Огѕей 
R.D.C. has given instructions for the 
preparation of plans for constructing 
a road through Corringham to link up 
Thames Haven Road with Lampitts Hill. 

CRovDoN.—Houses.—The Council is 
recommended to purchase sites on which 
to erect 352 houses. 

DarroN.—Howses.—The Rotherham 
R.D.C. proposes to build 40 houses at 
Dalton and 20 at Bramley. 

. DAvYHULME.— Jetty.—The Manchester 
Т.С. is recommended to spend {6,000 on 
the construction of a jetty. 

DEEPCAR.—Houses.—The Stocksbridge 
U.D.C. has decided to erect 20 houses at 
Deepcar. 

DuB.Lin.—Bridge.—The Dublin Port & 
Docks Board recommends the construc- 
tion of a bridge to connect the Midland 
Great Western Railway Co.’s goods depot 
with the junction of Sir John Rogerson's 
Quay. 

DUKINFIELD.—Houses.—The T.C. is 
seeking permission to build 105 houses 
on the Clarendon site. 

Ersom.—Houses.—The R.D.C. is seek- 
ing permission to build 256 houses in the 
rural area. 

EXETER. — Houses. — The Corporation 
proposes to spend £50,125 on the con- 
struction of houses in connection with 
the slum-clearance scheme. 

ForrES.—Houses.—The T.C. has de- 
cided to erect зо houses. 

GUISELEY.—Houses.—The U.D.C. has 
applied for sanction to borrow £3,000 for 
the purchase of a housing site. 

KINGSTON.—Houses.—The T.C. pro- 
poses to erect 58 houses, at a cost of 
£28,420. 

LEWISHAM (LONDON).—Water Touer.— 
A sum of £2,050 is to be spent on the 
construction of a water tower at the 
hospital. | 

LEYLAND.—Houses.—The U.D.C. pro- 
poses to build 60 houses in the Sandy 
Lane and Seven Stars districts. | 

Lone Eaton.—Houses.—The U.D.C. 15 
considering a scheme for the erection of 
38 houses in College Street. 

NELSON. — Houses. — The T.C. has 
applied for sanction to borrow (25,000 
for the erection of 50 houses. 

NEWCASTLE (IRELAND).—Road.—The 
U.D.C. proposes to construct a road 


from Dundrum Corner to South Bryans- 
ford Road. The cost is estimated at 
48,800. 

NOTTINGHAM.—Bridge.—The T.C. pro- 
poses to spend /22,000 on the construc- 
tion of a bridge over the canal at Woolla- 
ton Road. 

PELSTEAD. — Bridge. — The Cosford 
R.D.C. proposes to spend {£120 on the 
construction of a bridge at Pelstead. 

PoRTHCAWL.—Promenade.—A scheme 
is being considered for the construction 
of a concrete promenade at Porthcawl. 
The promenade will be a mile and a half 
in length and 100 ft. wide. 

RowrEv Recis.—Houses.—The U.D.C. 
has applied for sanction to erect 114 
houses on the Tividale Hall estate. 

SHEFFIELD.—Houses.—The Corpora- 
tion is recommended to apply for per- 
mission to erect 158 houses on the 
Longley estate. 

SHEPTON MALLET.—Houses.—Applica- 
tion has been made for permission to 
borrow £10,965 for the erection of 20 
houses. 

SHERBURN. — Houses.— The Durham 
R.D.C. has appointed a committee to 
report on a site for 50 houses at Sherburn. 

SHIMPLING. — Bridge. — The Melford 
R.D.C. is considering a scheme to erect 
a bridge over the stream near Shimpling 
Church. 

SLoUGH.—Houses.—The U.D.C. has 
decided to build 150 houses. 

STEART.—Sea Wall.—The Bridgwater 
R.D.C. and the Williton R.D.C. are con- 
sidering a proposal for the provision of 
a sea wall at Wall Common, Steart. 

STONE.—Footbridge.—The L.M.S.Rail- 
way Co. is considering a scheme for the 


provision of a footbridge over the Meaford 
level crossing. 
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DUCKHAMS 


CONCRETE 


MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUOKHAM & Oo., Ltd. 
6 BROAD ST. PLACE, LONDON, £.C.2 


| 
| 


SITUATION VACANT. 


REQUIRED for India young Engineer for Stone 
and Reinforced Concrete Department—must 
be an A.M.LC.E. and have had practical experience 
reinforced concrete town drainage, bridge work and 
modern roadmaking. Salary to commence Rs. 750 
monthly rising to Rs. 850; three years agreement. 
Apply stating age and full particulars to Box K.B., 95, 
Bishopsgate, E.C. 2. 


SurTON.—Houses.—The U.D.C. pro- 
poses to build 34 houses between Sutton 
Common Road and Burleigh Road. 

TALYBONT.—Road.—A scheme for the 
construction of a road from Talybont to 
Ponsticill is being considered by the Main 
Road & Bridges Sub-committee of the 
Breconshire C.C. 

WOOLWICH (LONDON). — Concrete 
Houses.—Application has been made to 
the L.C.C. for a loan of £65,730 for the 
construction of 500 concrete houses at 
Eltham. 


Tenders Accepted. 


ANNAN (CUMBERLAND).— Concrete. Cot- 
lages.—The T.C. has accepted a tender, 
at £8,682, for the construction of 24 
concrete cottages. 

Grascow.—Concrete Houses.—The Cor- 
poration has accepted the tender of 
Messrs. MacTaggart & Mickel, Ltd., 
Glasgow, for the construction of 1,000 con- 
crete houses on the “ Winget ” system. 

GLOUCESTER.— Concrete Houses.—The 


T.C. has accepted the tender of the 
Monolithic Building Co., Ltd., for the 
construction of 150 concrete houses. 
GuviLDFORD.—Reservoirs, etc. — ће Cor- 
poration has accepted the tender of 
Messrs. Holloway Bros. (London), Ltd., 
at £15,715, for the construction of a 
1,000,000-gallon service reservoir on 
Pewley Hill, a 5009,000-gallon service 
reservoir on the Hog's Back, and a 6-ш. 
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cast-iron pipe line about a mile long on 
the Hog's Back. Other tenders sub- 
mitted : A. Streeter & Co., Ltd., £15,050 ; 
Industrial Constructions, Ltd., £15,357; 
Edwards Construction Co., Ltd., £15,883 ; 
H. Middleton, £15,882; Playfair Toole, 
Ltd., £16,602; F. Bevis, Ltd., £17,089 ; 
Johnson’s Reinforced Concrete Engineer- 
ing Co., Ltd., £22,750. 

HACKNEY (LONDON). — Piling. — The 
B.C. has recommended for acceptance 
the tender of Messrs. W. & C. French for 
reinforced concrete piling work at the 
Power House. 

LINLITHGOW. — Concrete Tank.— The 
Bathgate District Committee has accepted 
the tender of Mr. F. Flaherty, Weir 
Street, Falkirk, at £16,925, for the con- 
struction of a 1,000,000-gallon concrete 
tank at Pate’s Hill. 

NEw MALDEN.—Concrete Road.—The 
Maldens & Coombe U.D.C. has accepted 
the tender of Messrs. E. J. Harris, Ltd., 
at 12,776, for the construction of Thorne 
Road in reinforced concrete, together 
with paving footpaths with artificial 
stone. Other tenders submitted: F. 
Jackson, {2,811 ; G. Wimpey & Co., Ltd., 
£2,890 ; Durnford Construction Co., Ltd., 


CONCRETE 


£2,918; J. Mowlem & Co., Ltd., £2,967; 
Walker Weston Co., Ltd., £3,105; W.D. 
Harding, Ltd., £3,290; F. Bracey, Ltd. 
43,386; Improved Wood Paving Со, 
£3,765. 

ROTHERHAM.—Bridge.—The_ Т.С. has 
accepted the tender of the Yorkshire 
Hennebique Contracting Co., Ltd. at 
£58,600, for the construction of the new 
Chantry Bridge. 

SOUTH MOLTON.— Bridge and Culvert.— 
The R.D.C. has accepted the tender of 
Messrs. Fothergill Bros., Exeter, at £1,913, 
for the construction of a reinforced con- 
crete bridge and culvert at Bradford Mill, 
Witheredge. Other tenders submitted: 
G. Wimpey & Co., Ltd., £3,135; Purdie, 


Lumsden & Co., £2,839 13s.; H. Middle- 
ton, £2,831 105. 3d. ; R.T. Hortop & Co. 
£2,588 148. 6d.; P. Wilson & Co. 
£2,180; G. Pollard & Co. Ltd, 
{2,116 195. 44.; E. Hutchings, 
£2,087 13s. ; Bridge & Engineering Со. 
£2,000. 


WINCHESTER.—Houses.—The Corpora- 
tion has accepted the tender of the Mono- 
lithic Building Co., Ltd., at £16,548, for 
the construction of 42 houses at St. Giles 
Hill. 


SPECIFY 


NO 


Riru mc 


НЬ: 51111224 


| $2077=5 INSERTS 


and ENSURE 


that machinery and shafting can be easily and quickly fixed, 
and refixed, in any position at any time in your new factory. 


True “ RIGIFIX " Fittings have been used on No cutting 

| large and important Factories and Ware- and dowelling 
Alignment houses throughout the United Kingdom of finished 
instantly. and in most other countries. work 


Full particulars on request. 


HUNTLEY & SPARKS 
44-46 KING'S. ROAD, LONDON, S.W3 


Telephone: SLOANE 3642, 
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EDITORIAL NOTES. 


Reinforced Concrete Cooling Towers. 


ELSEWHERE in this number we give an abstract of a paper by Mr. T. J. Gueritte 
discussing the advantages of reinforced concrete cooling towers from the point 
of view of efficiency. So far reinforced concrete cooling towers have not been 
built in great numbers. It is anticipated, however, that the efficiency and 
economy of the design which originated in Holland and has been adopted at 
Liverpool, Leicester, and elsewhere, will give a great impetus to this type 
of construction. Figures of initial cost are therefore of considerable importance. 
We are unable to give definite figures of tenders for these structures in 
different materials, but an analysis of the figures of competitive tenders shows 
that for cooling towers of equal capacity in reinforced concrete, wood, and steel, 
reinforced concrete is by far the cheapest material. Next comes the wood 
structure, costing about 30 per cent. more than reinforced concrete, while a steel 
structure costs exactly double as much as the reinforced concrete cooling tower. 
When one remembers the saving in maintenance and the longer life of the . 
reinforced concrete structure, together with the extra efficiency detailed by 
Mr. Gueritte, it seems that it is only a matter of time for concrete to be the 
recognised material for still another type of structure. 


Appointments from Universities. 


Ox the completion of twenty-five years’ existence, the Cambridge University 
Appointments Board has issued a report summarising the success of its efforts 
during that period. It is a remarkable record, and emphasises the value of its 
activities not only to the graduates but to industry and the nation generally. 
The primary object of the Board is to secure suitable employment for the graduates 
of Cambridge University, but it goes a step farther and endeavours as far as is 
humanly possible to ensure that the right man is recommended in each case. 
The big industrial concerns, Government Departments, and Education Depart- 
ments have readily availed themselves of the recommendations of the Board 
when seeking candidates for their higher posts, and from naturally small beginnings 
we note that one industrial group has taken into its employ no less than 73 
geologists and scientific assistants from the University on the Board’s recom- 
mendation ; another industrial group has taken 42; another has found employ- 
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ment for I2 chemists and physicists. Altogether in the past six years, 2,294 
graduates have been found employment through the activities of the Board, of 
which 1034 were engineering appointments with civil engineering firms, cement 
manufacturers, Public Works Departments in India and elsewhere, etc. In the 
year 1925-26 667 graduates registered with the Board for appointments, and 396 
were found suitable appointments on the introduction of the Board, so that about 
60 per cent. of the graduates of the University who desired appointments were 
fixed up. 


Concrete for Private Streets. 


AT a recent meeting of the Institution of Municipal and County Engineers the 
question of the relative cost of different types of private streets was discussed. 
Mr. S. G. Stanton, Borough Engineer and Surveyor of South Shields, stated that 
the cost of all-concrete roads in South Shields worked out at ros. 8d. per yard 
super; this was for a road varying from 7 in. to 8 in. thick with bituminous 
expansion joints, and included tar-dressing and sprinkling with granite chippings. 
His experience was that for private streets an all-concrete road 6 in. thick was 
the cheapest method of construction. Mr. S. E. Burgess, Borough Engineer 
and Surveyor of Middlesbrough, mentioned that he was using reinforced concrete 
for all new private street works on the ground of economy ; his practice was to 
prepare estimates for making up such streets in granite setts, tar-macadam, and 
reinforced concrete, and found that reinforced concrete was agreed to by the 
frontagers. 

This bears out the case at Maldens and Coombe last year. In this instance 
certain residents objected to the construction of private streets in concrete on 
the ground that they would be bearing the whole cost of roads '' intended for 
posterity." The matter was taken to court, and as a result of the action the 
- Council was ordered to amend the specification and build the roads in water- 
bound macadam. Tenders were accordingly invited for the construction of the 
streets in different materials, with the result that when the estimates were opened 
it was found that the cost would be 33s. 7d. in tar-macadam, 31s. 4d. in flint, 
and only 28s. 9d. in concrete. The sequel was that the residents who had taken 
the action to court, and gained the day, withdrew their objection to all-concrete 
roads and requested that that material be used. 


Reinforced Concrete versus Steel. 


OFFICIAL statistics recently issued show that since the enormous development of 
reinforced concrete for all kinds of construction work in the United States the 
output of structural steel has actually declined, in spite of the vast increase in 
building generally. This may be the reason for some apparently inspired articles 
that have appeared recently in the non-technical press. Some of these contain 
statements that are misleading or only half-truths. Others border on the 
ridiculous in their attempt to prejudice the public against reinforced concrete. 
Such an article, which the editor tells us was written '' by an eminent exponent 
of the science " (of steel construction) appeared recently in a non-technical 
journal. After explaining that steel reinforcement was introduced into concrete 
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"in the hope that it would supply the lack of tensional qualities in concrete,” 
the writer states, without an attempt to produce evidence, that “іп recent years 
It is becoming doubtful if the two materials will continue to act in conjunction 
with each other owing to their total dissimilar properties." The public are 
further told that when exposed to weather concrete '' suffers seriously from dis- 
integration, and is in fact a very perishable material." Finally, to prove that 
we are “‘ living in the age of steel," we are reminded that we '' cut and prepare 
our food with steel knives,” and that railway lines are made of steel. 

If the structural steel industry expects to impede the progress of reinforced 
concrete by the publication of such stuff as this we think they are on wrong lines 
altogether. The methods used to boost quack medicines and face powders are 
not suitable for such serious matters as a discussion of the relative merits of 
building materials. The absurdity of the statements needs no comment—at 
least until such time as there is a public demand for concrete cutlery or it is 
seriously suggested that railway lines should be made of concrete. 

Reinforced concrete and steel each have properties that make them particu- 
larly suitable for certain purposes, and no good purpose will be served by the 
publication of diatribes such as that quoted above. It is one of the principles 
of salesmanship not to decry the other fellow's goods, and we venture to suggest 
that the advocates of steel construction would be more profitably employed in 
finding new uses for a material which reinforced concrete has rendered obsolete 
for so many purposes. 


Effect of Lightning on a Concrete Road. 


SOME notes have been published on the effect of lightning on a reinforced concrete 
road, known as Gulf Beach Road, in Florida. The road was constructed with 
{-1п. asphalt transverse expansion joints at intervals of 30 ft., and has a total 
length of 12] miles. It is reinforced with a steel mesh reinforcement, and is 
laid on dry beach sand. The lightning did not pass through the slab, but travelled 
along the road for a distance of 780 ft. in each direction from the point struck. 
The only damage to the road was at the expansion joints, where there were 
complete gaps of 44 in. Apparently the lightning travelled along the reinforce- 
ment as the line of least resistance. At the expansion joints it formed an arc 
across the ends of the longitudinal wires, which generated sufficient heat to 
*hatter the concrete for about two inches on each side of the joint. The damage 
Was readily made good by filling with concrete and replacing the expansion joints. 
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REINFORCED CONCRETE TRANSIT SHEDS 


Reinforced Concrete Transit Sheds at No. 9 
Dock, Manchester Ship Canal. 


Ву H. K. RUSSELL, B.Sc., Assoc. M.Inst.C.E., A.C.G.I. 


THE two sheds forming the subject of 
this article are amongst the most import- 
ant of the works recently constructed or 
being constructed for the Manchester 
Ship Canal Company. 

They are on the north side of No. 9 
Dock, near the head end, and are set 
back 38 ft. 10 in. from the waterside ; 
this allows for three lines of track, the 
two inner ones for rail trafic and the 
outer for cranes. 

The two sheds are together equipped 
with 26 electric cranes by Messrs. Stothert 
& Pitt, Ltd., 14 of the high-pedestal type 
on the waterside and r2 of the semi- 
portal type on the road side. 
former run on the track nearest the dock, 
and can unload directly on to the fourth 
floor. The semi-portal type on the 
road side span two tracks, so that they 
can unload into either trucks or lorries. 

The sheds are of beam and slab con- 
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struction with piled foundations, and are 
designed for a live load of 30 cwt. per 
square yard. Tentative designs in the 
mushroom and drop-panel systems were 
dropped owing to the unexpected increase 
in loads on ground floor columns and on 
foundations. It was doubtful whether 
the saving in shuttering and labour would 
counterbalance the cost of the increased 
foundations and lower columns. 

Each shed has four stories, and is 450 
ft. long by 110 ft. wide centre to centre 
of columns. The height from ground 
floor level to first floor level is 17 ft. o} in., 
and between the upper floors то ft. 112 in. 

The sheds are open for their whole 
length on the dock side; this is cut down 
by half on the road side, where openings 
occur only in every other bay. Openings 
and doorways are provided with sliding 
fire-proof steel doors made from }-in. 
plate heavily stiffened with tees and 


Fig. 1.—No. 9 Dock during construction—looking towards the West. 
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angles. The doors are fitted with ball- 
bearing wheels running in special cast- 
iron grooves, and, though in some cases 
weighing approximately one ton (as on 
the ground floor) are easily moved by 
one man. On the dock side the doors 
are arranged to run from end to end, so 
that half the whole shed is available for 
loading or unloading at one time. 

Staircases are enclosed within 4-in. 
walls running right up to the roof. Simi- 
larly a 4-in. central division wall with 
double sliding doors runs up to the roof 
and 3 ft. beyond, and divides each shed 
in two. In the event of fire one half of 
the shed can be completely cut off from 
the other and the affected floor com- 
pletely isolated. 

The roof is of the ridged type with a 
rise and span of 3 ft. 8} in. and 25 ft. 
respectively, and is stepped back one | | Т 
bay on the dock side, leaving part of the Ww ARE. iu 


fourth floor uncovered. The  meshed SHE 
roof slab is 2} in. thick and rests оп 7 in. URI S 
by 3 in. purlins. The supporting prin- | 2 
cipals are spaced at 7 ft. 4 in. centres. | | 
They аге of semi-arch shape, 1 ft. 11 in. 
deep at the crown, 1 ft. 3 in. deep at the 


springings, and 4 in. thick. 

The first floor is extended on dock and But 
road sides to form loading platforms. 
The road-side platform carries one leg of 
a semi-portal crane on a continuous 
beam which is comparatively massive, as 
it is 24 in. deep by 12 in. wide for a span 
of only 6 ft. 3 in. The beam supports 
are formed by a prolongation of the  «--- 
secondary floor beams. The other leg of 
the crane is supported by a still more 
massive continuous beam in the middle 
of the roadway, 970 ft. long, resting on 
single piles spaced at 15-ft. centres and 
driven to rock. 

The floor slabs in the upper floors are 
6 in. thick and are reinforced with j-in. 
diameter rods spaced at 5-in. centres. 
The ground-floor slab is 9 in. thick, and 
with the exception of the bay nearest the 
dock is of plain third-class concrete spread 
on a 3-in. layer of ashes well watered and 
rolled. The exception, owing to its near- 
ness to the earth slope, is of second-class 
concrete, reinforced and supported on 
beams. 

The floors are asphalted, the ground 
floor with 1} in. and the upper floors with 
$ in. The roof is covered with 3 in. of 
asphalte laid on in two layers. 

The main beams are 25 ft. in span and 
run longitudinally. They are 31 in. deep 
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Cross Section No. 9 Dock. 
Fig. 2 


Old Sheds on South side. 
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REINFORCED CONCRETE TRANSIT SHEDS. 
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Fig. 3.—Elevation of Old Sheds and Dock Wall on South side. 
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Fig. 4.—New Transit Sheds, Nos. 7 and 9. Cross Section. 
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and 16 in. wide, and are doubly reinforced 
with ten ryz-in. diameter bottom rods 
with j-in. diameter stirrups, and five 
1}j-in. diameter top rods. 

All the inside columns are circular in 
section. They range from 33 in. succes- 
sively through 29 in., 24 in., 18 т. to 12 in. 
diameter on the fourth floor. The ground 
foor columns are heavily reinforced with 
twelve 1}-т. diameter rods and ф-їп. 
diameter helical hooping of 2-in. pitch. 
The pitch distance is standard through- 
out all columns except on the fourth 
floor, where it is increased to 3 in. 

The rectangular outside columns are 
3o in. by 20 in. and diminish to 20 in. 
by 20 in. on the two uppermost floors. 
The R.I.B.A. formula 


P = c(1 + fsr) A. + (т — ПА, 
for short columns was used 
design. 


In computing the loads on columns the 
following practice was adopted: the 


in their 


top-floor area is regarded as 100 per 
cent. loaded, the next go per cent., the 
next 80 per cent., and so on, till a mini- 
mum of 50 per cent. is reached, at which 
it remains for the remaining floors. 
Where wall panels occur they have been 
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FOUNDATION BLOCK. 
Fig. 7. 
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REINFORCED CONCRETE TRANSIT SHEDS. 


made discontinuous with the neighbour- 
ing columns—grooves being formed in the 
latter to take the sides of the panels. At 
top and bottom edges, however, the panel 
steel is continued into the floor beams. 
In spite of the precautions taken at the 
junction with columns the large panels 
on the ground floor show contraction 
cracks. It would appear that the ten- 
dency for panels to crack can only be 
overcome by making all large panels 
entirely separate units; that is, with a 
break along all four edges. 

The uncommon form of the dock wall 
largely determined the type of founda- 
tion chosen for the sheds. “ Dock wall" 
is really a misnomer, for the structure 
actually consists of a series of continuous 
concrete arches 1 ft. 6 in. below dock 
water-level, supported on concrete piers 
6 ft. wide, 36 ft. 8 in. deep from front to 
back, and at 25 ft. centres. The pier 
footings are founded on stiff clay at vary- 
ing levels. At the back a vertical curtain 
wall integral with arch and pier extends 
8 ft. 9 in. downwards from the crown. 
On top of the arches are two subways, 
the outer and smaller of which houses the 
various hydraulic and water supply mains 
and the electric power cables. The inner 
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New Transit Sheds, Nos. 7 and 9. 
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and larger subway houses the grain belts 
that feed the large grain elevator at the 
head of the dock. The roofs of these 
two subways form the solid portion of the 
quay, the interval between the latter and 
the shed face being simply well-rammed 
earth-fil. From the curtain wall to the 
face of the dock '' wall" the earth lies 
at its natural slope. 

When first built the piers on the other 
side of the dock were extended at gravel 
level to form mass concrete foundations 
for the sheds that immediately followed. 
This is clearly shown in Fig. 2. This 
work was done in the dry. On the north 
side, however, the piers were left normal. 
In the case of the two new transit sheds 
similar foundations would have involved 


е Е ды 


SHED Э. PART PLAN. 
Fig. 9. 
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working below dock water level, the 
forming of an unsatisfactory joint between 
new work and old, and incidentally very 
heavy excavations owing to the № 
increase in the ground level—from arch 
to quay—since the earlier construction 
days. Piled foundations were therefore 
adopted. The heavier column loads duc 
to a fourth story and the comparative 
nearness of the rock surface favoured this 
type of foundation. 

In the inner foundations the piles are 
driven in groups of six arranged circum- 
ferentially (with an extra central pile in 
the second row from the dock), and in 
the outer foundations in groups of four. 

Heavily reinforced concrete blocks cap 
the groups. The reinforcement consist 
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New Transit Sheds, Nos. 7 and 9. 
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of a radial mat of 1}-1n. diameter rods 
threaded through the previously-exposed 
pile rods. The inner blocks are 10 ft. 
by то ft. by 7 ft. 6 in. deep and the outer 
7 ft. 6 in. by 7 ft. 6 in. by 5 ft. deep. 

The piles are of 16-in. octagonal sec- 
tion reinforced with ten r-in. diameter 
rods and $-in. diameter spiral hooping of 
240. pitch. They vary in length from 
30 ft. 8 in. to 58 ft. 3 in., and were pre- 
cast in special ro-ft. long steel shutters 
clamped to a wood '' bed " of the same 
width as the pile face. The shutters were 
struck in 48 hours. The piles were lifted 
and stacked four weeks after the date of 
moulding and driven on the sixth. 

The heaviest driving was through the 
ballast. The pile heads received such 
severe punishment that in a very large 
proportion of cases they spalled badly— 
in two or three cases for as much as 12 
ft. down—necessitating the deepening of 
the foundation blocks to cover the ex- 
posed steel. 

Two experimental piles in aluminous 
cement, 47 ft. 8 in. and 41 ft. 8 in. long 
respectively, were pitched and driven 72 
hours after moulding. They stood up to 
the heavy driving as well as the ordinary 
piles, that had been left to mature for 
two months. 

Driving began simultaneously at both 
ends of the site, with two 3}ton and 
one 4}-ton drop monkeys and one 3-ton 
semi-automatic. The last was found to 
handle the piles at a lesser rate than the 
others. The maximum work done by the 
two most efficient frames at their best 
period worked out at 2} piles per frame 
for a 12-hour day. 

As a result of the displacement of the 
ground due to the pile driving the dock 
wall was forced out a maximum of 1% 
in. Opposite approximately midway be- 
tween the two sheds. The wall was, 
however, still plumb after movement. 

The contractors for the superstructure 
introduced a number of interesting 
features into their work. They adopted 
a system of angle-iron scaffolding which 
they have patented. The nucleus of this 
is a group of four vertical angles erected 
round a column and joined together with 
horizontal angles under the beams. The 
latter support timber cross-pieces on 
which the bottom of the beam shuttering 
rests, the sides of the beam shuttering 
being firmly wedged against chogs screwed 
to the ends of the cross-pieces. This 
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Fig. 13.— Two of the Piles, showing Spalling. 
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Fig. 15. 


system effected considerable saving in 
time over ordinary timber propping 
methods, as the frame work, when erected, 
formed a rough template for the car- 
penters to work to, eliminating much 
labour in lining and plumbing. The 
contractors claim a great saving in labour 
cost owing to its use (see Fig. 16). 

The shuttering for the first floor was 
formed of a number of factory-made 
panels 5 ft. 5 in. by 2 ft. 11} in. wide 
dropped into position on the beam shutter 
sides. These did not prove a success as 
there was a tendency for panels to move 
unequally when concrete was poured 
and form bad joints. They were scrapped 
after use on the first floor. 

The column forms were of № in. steel 
in three vertical sections. Special steel 
“ bonnets " formed the upper portion of 
the columns and beam haunches. 

Distribution of the concrete was 
effected by means of two Insley distribut- 
ing towers 140 ft. high—both in one 
shed. The concrete had to be on the 
wet side to flow satisfactorily. A con- 
siderable portion of the aggregate was 
inclined to separate from the advance 
portion of the first batch of the day’s 
output, and had to be remixed on a plat- 
form at the point of discharge. After 
this first batch the chute became lubri- 
cated and the trouble tended to disappear. 


View of Part of Shed No. 7. 


Column and panel forms were struck 
in three days, and the sides of beams and 
undersides of slabs іп 14 days. Under- 
sides of beams were left supported for 
three weeks—six weeks if any loading 
was brought on the beam within this 
period. 

Immediately after stripping, surfaces 
were rubbed down with carborundum 
blocks and cement washed. Generally, 
however, the surfaces were so good as 
to need very little rubbing. 

All walls and ceilings were then sprayed 
with two coats of limewash which en- 
hances the bright and airy appearance of 
the interior. 

Three different proportions of concrete 
were used in the sheds :— 


Class I. Class 11. 
Cement . 810 lbs. Cement . 694 lbs. 
Sand . 133 cu. ft. Sand « 294 60; ft. 
Aggregate 27cu.ft. Aggregate 27 cu. ft. 

Class III. 
Cement . 608 lbs. 
Sand 131 cu. ft. 
Aggregate 27 cu. ft. 


The first-class concrete was used for 
the columns and piles, and the third class 
for the unreinforced portion of the ground 
floor. All the remainder of the work was 
in second-class concrete. 
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Fig. 17.—Ground Floor, showing Foundation Blocks and Plain Slab Floor. 
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Fig. 18.—An Upper Floor. 


Fig. 19.—Roof Story. 
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The aggregate was 1-in. Welsh granite 
for first and second class mixes, and 2-in. 
Darley Dale sandstone for the third 
class mixes. The sand was River Mersey 
sand. Reinforcement was supplied by 
the United Strip & Bar Mills, Ltd. 

The contractors for the foundations 
were Messrs. Sir Wm. Arrol & Co., Ltd., 
of Glasgow, while Messrs. B. Morton & 
Sons, of Manchester, were responsible for 
the superstructure. 

The work was carried out under the 
direction of Mr. H. A. Reed, M.Inst.C.E., 
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Chief Engineer to the Manchester Ship 
Canal Co., to whom the author desires to 
express his thanks for permission to write 
this article. The Resident Engineers for 
the contractors were Messrs. M. G. Suther- 
land, Assoc.M.Inst.C.E., and К. H. 
Garvie, M.Inst.C.E., for Messrs. Arrol 
and Morton respectively. Mr. G. Leader 
Williams, Resident Engineer for the 
Docks Division, acted for the Canal 
Company, and the author was his 
assistant engaged upon the actual 
works. 


Plastic Yield and Shrinkage of Concrete. 


À PAPER by Dr. Oscar Faber, O.B.E., 
D.Sc., M.Inst.C.E., to be brought forward 
for discussion during the present session 
of the Institution of Civil Engineers, 
entitled “ Plastic Yield, Shrinkage, and 
other Problems of Concrete, and their 
Effect on Design," is abstracted as 
follows in the abstracts of papers issued 
by the Institution : 

The author studied a series of beams 
of reinforced concrete, loaded to various 
Stresses. The deflections, instead of re- 
maining constant, increased in 36 weeks 
to 2% times their value when the loads 
were first applied, though the loads 
remained constant. The causes of this 
are analysed (with the assistance of 
extensometers), and it is shown that the 
shortening of the top flange consists of three 
parts, namely, (4) the elastic strain, (b) the 
plastic strain, and (c) the shrinkage. 

It is shown that (a) is the stress divided 
by a modulus of 4 million lbs. per sq. in. ; 
(0) is proportional to the stress and (from 
4 to 36 weeks) is nearly double (a) ; 
(c) is independent of stress, but between 
4 and 36 weeks has a value about double 
the elastic strain, corresponding to 600 
lbs. per sq. in. 

With a stress of about боо Ibs. per sq. in., 
the total shortening (o to 36 weeks) is 
about six times that due to the elastic 


strain (the only one normally calculated). 

The effect of this on stress is discussed, 
and it is shown that in columns the 
stresses are far greater on the steel, and 
much less on the concrete, than ordinarily 
calculated. 

An example is taken, showing a steel 
stress of 23,350 lbs. per sq. in., compared 
with a stress of 4,230 lbs. per sq. in. as 
ordinarily calculated, without taking 
shrinkage or plastic yield into account 
(taking m = 7$ in both cases). This 
conforms with stress-measurements made 
on actual buildings over long periods. 
Consequently, present calculations and 
regulations leave much to be desired. 

Whereas Young’s modulus for concrete 
is generally higher than usually taken, 
stresses (after shrinkage and plastic yield 
have occurred) approximate to those ob- 
tained with a very low modulus. 

Formulas are given from which stresses 
due to shrinkage, plastic yield, and elastic 
strain may be calculated for beams and 
columns; and examples are given. The 
nature of plastic yield is discussed, also 
the conditions likely to control its extent. 
It is shown that concrete structures must 
not be expected to return to their original 
deflection after being loaded for long 
periods. The safety of reinforced-con- 
crete structures is discussed. 


Reinforced Concrete Bridge at Montrose. 


THE Montrose Town Council and Forfar County Road Board have resolved that a 
new bridgeover the river South Esk at Montrose, to supersede the present suspension 
bridge, be constructed of reinforced concrete to the design of Sir Owen Williams. 
The cost is estimated at /73,450, which is /4,550 below that for a steel girder structure. 
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Institution of Structural Engineers. 


THE President (Mr. Н. J. Deane) occupied 
the chair at the annual dinner of the 
Institution of Structural Engineers on 
May 16, when a large gathering of mem- 
bers and friends spent a most enjoyable 
evening. 

The guest of the evening was Lord 
Carson, who replied to the toast of “ Our 
Country and Empire" (proposed by 
Major A. H. S. Waters, V.C.). Lord 
Carson recalled that his father was an 
engineer, and that in his early days he 
commenced training as an engineer. But 
his father induced him to forsake en- 
gineering in favour of the law—other- 
wise he might have become the greatest 
engineer of them all! Thus he was early 
interested in construction, as all men 
must be, for construction was the only 
thing that gave pleasure in life. Whether 
one erected great dams and bridges, or 
only constructed a case, one was engaged 
in the great work of construction. 

Sir Ernest Moir, Bart., proposing 
“ Our Guests," mentioned that he was 
connected with Benjamin Baker and 
Sir William Arrol in the erection of the 
Forth Bridge; their example had been 
a guiding star to engineers who had fol- 
lowed them. The Forth Bridge was the 
most scientifically designed bridge that 
existed to-day, although it was built so 
long ago as 1887. 

Mr. Frederick Palmer (President of the 
Institution of Civil Engineers), in replying, 
referred to the application of the Institu- 
tion of Structural Engineers for a charter, 
and said they had opposed the measure, 
not because of any professional jealousy, 
but because they thought it in the best 
interests of engineering that the measure 
should be opposed. They did not object 
to the Institution of Mechanical En- 
gineers or the Institution of Electrical 
Engineers having charters, because the 


work of the members of those institutions 
was different from the work of civil 
engineers. But the proposal that the 
Institution of Structural Engineers should 
have a charter was in a different categorv, 
for if civil engineers were not structural 
engineers he did not know what were the 
duties of the members of the Institution 
of Civil Engineers. They opposed the 
measure because they wished to avoid 
any confusion in the use of the words 
“ Chartered Engineer." The Royal In- 
stitute of British Architects was applv- 
ing, in Parliament, to have the position 
of architects strengthened and made 
clear, and the Institution of Civil En- 
gineers was opposing that measure also. 
The Institution felt that a great deal of 
the work of its members might come 
under the description of architectural 
work. He had personally been associated 
with the construction of buildings for 
railways and harbours, and he was quite 
sure that if that type of work were taken 
from engineers many of them would have 
to seek other careers. In conclusion, he 
expressed a hope that there would in 
future be more unity amongst engineers. 
He was convinced that the sooner the 
various engineering institutions got 
together and came under one flag the 
better it would be for engineers as a whole. 

Sir Henry Fowler (President of the 
Institution of Mechanical Engineers). 
proposing “The Institution of Civil 
Engineers and its President,” said he had 
been greatly impressed recently by the 
beauty of most of the new reinforced 
concrete structures, particularly bridges. 
which were so well designed that they 
appealed to the eye of people who were 
not engineers. 

The reply by the President concluded 
the first part of the programme, which 
was followed by a musical entertainment. 


** The Wonders of Wilmington.’’— Мг. Heath Robinson finds more amusement 
in the manufacture of Portland cement than most of those engaged in the scientific 
and highly-organised processes employed in a modern cement works, and some of 
his impressions of Messrs. G. and T. Earle’s works at Wilmington have now been pub- 


lished in book form. 


Those who have been amused by these drawings when published 


in the firm's advertisements will be glad to have them printed on large sheets of 
excellent paper and strongly bound. They are done in the typical “ Heath Robinson | 
style, and in his own inimitable way he gives us wonderful impressions of what life, 
and cement making in particular, might be if humour took the place of efficiency in 


industry. 


The works manager who interleaves these drawings with his costing and 


output data will be rewarded with many a gleam of sunshine when it is most needed. 
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RAPID-HARDENING CONCRETES. 


Rapid-Hardening Concretes. 


Some Practical Notes on Their Use. 
By W. L. SCOTT, M.Inst.C.E. 


THE use of rapid-hardening concrete is becoming more and more general by 
engineers and contractors now that the advantages it gives over the ordinary 
variety are shown by experience to be economic in several ways and for almost all 
kinds of construction. 

Such concretes, of course, derive their rapid hardening properties from the 
cement used. These cements may be divided into two classes, viz. what may 
be conveniently called improved Portland cement, and aluminous cement. The 
former is a pure Portland cement conforming to the requirements of the latest 
British Standard Specification, whilst the latter is entirely different in character, 
both as regards its composition and manufacture, and concrete made from it, 
whilst having the common advantage of increased strength at a much earlier 
age, must be regarded essentially as a different material. 

By referring to the concrete as rapid hardening, it must not be thought that 
it is consequently quick setting, for this is not the case. All rapid-hardening 
cements conform to the requirements of the British Standard Specification for 
Portland Cements in this respect. 


Rapid-hardening Portland Cement Concrete. 


Concrete made with rapid-hardening cements of the Portland variety has 
so many advantages over ordinary Portland cement concrete, and the increase 
in cost is so small, that its general adoption can only be a question of time. 
Actually, these cements are a superior grade of Portland cement. They do not 
obtain their valuable properties from any one operation in manufacture, such 
as fine grinding, as is popularly understood. Іп point of fact, their rapid-hardening 
qualities are derived from the general improvement in manufacture in all its 
stages. A greater proportion of lime is added, but the quantities still conform 
to the requirements of the latest British Standard Specification and enable it 
to be described as a true Portland cement. The above remarks do not seem 
generally to be appreciated by engineers, probably owing to lack of emphasis 
on the part of the manufacturers in advertising the product. 

Increased Strength.—The ultimate strengths of concrete made from rapid- 
hardening Portland cements show very considerable increases over ordinary 
concrete, while in the early stages the increase is incomparably greater. At 
four days after deposition the former acquires a strength equal to or greater 
than the latter when 28 days old. 

Published tests also show that these rapid-hardening concretes increase in 
strength over long periods at as great a rate as, or суеп greater than, ordinary 
Portland cement concrete. This point is of obvious importance in showing 
that, although very high results are obtained at early periods, there is no retro- 
gression in strength over long periods. 

Tests on 6-in. laboratory-made cubes, with 4: 2: 1 rapid-hardening Portland 
cement concrete, gave the following results :— 
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Age. Strength. 
I day : | : : . 1750 lbs. per sq. in. 
2 days : А қ : = 20100 20022 № 
3- 4 . : š š : : . 3853 , , ., . 
5B c | . : : : | . 4840 ,, "E ы 
7! ж | . : : : А : 63602 x y 2 
28, : | : : : ; . 10810552. uou X 
6 Months . : : : . : ыг 72200 жэ. жоло us 
12 53 : : š š 5 : . 7490 ,, وو وو ر‎ 


Cold Weather Concreting.—A point of considerable importance in con- 
creting during cold weather is the heat generated in setting and during the 
first few days of maturing. It has been shown that rapid-hardening concretes 
generate heat more rapidly than does the ordinary variety, and in consequence 
such concretes are more immune from the detrimental effects of frost. 

Work has been carried out on a large scale under wintry conditions with 
rapid-hardening Portland cement, the only precautions taken being to heat the 
mixing water and protect the concrete for the first few hours after deposition. 
No trouble was experienced, in spite of the fact that the temperature during 
this time was only a little above freezing point, with considerable frosts occurring 
at night. 


Water Content.—In mixing rapid-hardening Portland cement concrete, as 
little water should be used as is consistent with the work being done, provided 
plasticity is obtained. An excess of water beyond this amount results in los 
of some of the rapid-hardening properties and a permanent reduction in its 
ultimate strength. 


Economy in Formwork.—The advantages of using a rapid-hardening 
Portland cement in place of ordinary Portland cement are obvious from many 
points of view. The following list gives the times at which either concrete can 
be made use of or shuttering stripped. 


Rapid-Hardening Ordinary P.C. 
P.C. Concrete. Concrete. 
Strip vertical walls. : : . I day 2-3 days 
,, columns . А : : BO x. 2-3 days 
„ centering from suspended floors . 2-4 days I4-28 davs 
, 505 to secondary beams . . 3-4 وو‎ I4 
‚, soffits to main beams. | . 6-7 ,, 28 Уз 
Lift reinforced concrete piles : . 3-4 ,, 28 " 
Drive reinforced concrete piles . е 19 T 6-8 weeks 
Roads to carry traffic . : : . 4 T 14-28 days 


Watertightness.—Recent tests carried out Бу the Department of Scientific 
and Industrial Research, under Dr. R. E. Stradling, show that rapid-hardening 
Portland cements possess the property of making a watertight concrete more 
readily than does ordinary Portland cement. These tests are embodied in 
Technical Paper No. 3, entitled “ The Permeability of Portland Cement Concrete." 
and summarised in appendix 9. This fact is of particular importance for rein- 
forced concrete work in sea water. 
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Aluminous Cement Concrete. 


Until fairly recently there was insufficient practical experience in this country, 
and, for that matter, abroad, of the properties and behaviour of concretes made 
with the two kinds of rapid-hardening cements. Laboratory experiments and 
tests, of course, had been made, but these were not enough in themselves to 
convert engineers to their use, except, perhaps, for some small and unimportant 
jobs. 

Moreover, in the case of aluminous cement, there were several difficulties to 
be overcome in manufacture before the makers could with confidence market 
the material. There is, however, no doubt that this material as sold to-day 
has remarkable properties and produces a concrete which 15 for some work unique 
in its suitability. 

Its principal property is intense hardness in a very short period, viz. 24 to 
48 hours. Reinforced concrete piles can be driven at the latter time, and this 
admittedly provides the severest known practical test upon the concrete. 

Strength.—The crushing of a series of laboratory test cubes made with 
3:1 standard sand and aluminous cement showed the growth in strength to be 
as follows :— 


Age. Strength. 
3 hours. : : : : ; 43 lbs. рег sq. in. 
B. p» - : š ; : ЭР.“ 
E : : : х “3700 _ š 202 48 
12: y g : ; : š 21570955 86-30 а 
24 . 562 : А : : 5 7430 0 wd w» 


3 days . š š ; : ¿ 7580-5; эмэг. 3 


It will be seen, therefore, that the concrete acquires a hardness sufficient to 
permit the removal of centering, etc., in about 7 hours. This, in fact, has been 
done successfully in actual construction. 

Watering During Hardening.— For concrete made with aluminous cements 
there are one or two essential precautions to be taken. The concrete must be 
kept thoroughly flooded with water immediately after setting and during the 
early hardening period. 

The temperature of the material rises to a much greater extent than Portland 
cement concrete, averaging about 100° Fah., which is reached in about ro hours. 
For the above reasons difficulty may be met with in concreting large masses having 
minimum dimensions exceeding 18 in. to 24 ш. It is difficult properly to supply 
with water the centres of such masses during the setting period, and if this is not 
done efficiently the strength of the interior concrete suffers accordingly. 

Generation of Heat.—Although no figures appear to be available, it is 
thought that the total heat generated by all cements during the hardening period 
is about the same. The lengthy period of hardening of ordinary Portland cements, 
however, in most cases permits the dissipation of the heat without any appreciable 
rise in the temperature of the concrete. 

Mixing Portland and Aluminous Cements.— It is vitally important to 
prevent the mixing of aluminous cements with Portland ‘cement, whether inten- 
tionally or unintentionally, such as contamination of one by the other when 
stored together—in fact, it is desirable for engineers to specify separate stores 
for these cements. 
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Care should also be taken to see that the concrete mixers and chutes аг 
thoroughly cleared of Portland cement concrete before they are used for 
aluminous cement concrete. A contamination of about 5 per cent. is sufficient 
to produce a mixture having a “ flash ’ set. 

A further necessary precaution is to ensure the proper setting of Portland 
cement concrete before the deposition of aluminous cement concrete in contact 
with it is permitted, and vice versa. 

Proportions.—As regards suitable mixtures for aluminous cement concrete. 
it is considered, having regard to its peculiar properties, that nothing richer than 
4:2:1 should be specified. A richer mixture than this is uneconomical with 
the strength already available, and the rise in temperature, being produced 
entirely by the cement, must increase with the cement content. Shrinkage 15 
also greater with rich concretes. 

An advantage obtained by the use of concrete made with aluminous cement, 
which has nothing to do with its rapid-hardening properties, is the ability to mix 
and deposit concrete satisfactorily during temperatures much lower than those 
possible with ordinary concrete. There is also an increased capacity to with- 
stand the action of certain acids ; in fact, it was with the object of producing an 
acid-resisting concrete that the earlier experiments resulting in the production 
of aluminous cement were made. 


Restrictive Regulations. 


At present, the greatest economy cannot be realised for a large amount of 
building construction work in this country owing to the form of the various regu- 
lations governing the permissible stresses to be employed for concrete. This 18$ 
particularly the case with the existing L.C.C. Regulations, which cater only for 
concrete made with ordinary Portland cement. No matter what strength 4 
concrete proposed to be employed may be demonstrated to possess, the stresses 
permitted under these regulations are limited to a fraction of the presumed 
ultimate stress of a concrete which in fact may bear no relation to that in 
question. This state of affairs is indefensible and should be remedied without 
delay. 

As an illustration of this, under the L.C.C. regulations the allowable com- 
pressive stress upon concrete having a mix of 4: 2: I is 600 Ibs. per square inch. 
This is based upon an assumed crushing resistance for the material of 2,400 Ibs- 
per square inch four months after mixing. 

For a large job in the London area concrete made with aluminous cement 18 
being used for certain work below ground level. Тһе specified proporticns for 
the concrete were 4:2: I, this being considered as rich a mix as desirable for 
such concrete in the particular work in question. Six-inch concrete cubes made 
upon the job without laboratory care, and representing without question the 
actual quality of material as deposited in the work, were crushed at an independent 
and responsible testing works and gave 5950 lbs. per square inch. The ag of 
the cubes when tested was three days. According to the regulations, therefore. 
the permissible stress upon the concrete gave a figure, usually referred 104 
“the factor of safety," of 9-9. 

In considering this question, it must be noted that the high crushing resistarc 
of this concrete was due only to the cement used. It was not due to any unusual 
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care in the choice of aggregates, grading, or mixing, which might have been held 
to be a variable factor, and, therefore, justifying the present limited stresses. 

On the other hand, increases in the working stresses such as are usually 
assumed for designs outside the control of such regulations automatically necessi- 
tate greater reliance upon the care given to the work itself. On well-organised 
jobs, carried out by contractors experienced in this relatively new industry, 
such care is always given. Where proper attention is not given to the work, no 
regulations, however stringent, can in themselves produce first-class construction. 

Regulations controlling building operations are admittedly framed to prevent 
bad work, whether this be due to dishonesty or incompetence, and unfortunately 
there appears to be greater scope for such contingencies with reinforced concrete 
than most other forms of construction. Notwithstanding this, however, there 
can be no justification for restricting the stresses upon a new and superior material 
about which there is ample practical evidence all over the country. 

In passing, it may be stated that the allowable stresses to be taken should be 
estimated from actual “© working " tests and not from those published by the 
manufacturers. This is no reflection upon these firms, for tests carried out by, 
or on behalf of, the manufacturers are laboratory tests, and the results represent 
the obtainable strength for the various concrete and mortar mixtures. The 
care taken in the selection, mixing, tamping, etc., however, is not, and cannot 
be, reproduced in actual construction, and the results for the “ works " tests 
are therefore correspondingly lower. It is probable that the strength of the 
concrete in a properly supervised job is better than the “ works " tests indicate, 
but not as strong as indicated by laboratory tests. 

There is at present under construction in London a building entirely of rein- 
forced concrete, the contract sum for which exceeds £500,000. In different 
parts of the job are being used ordinary Portland cement, rapid-hardening Port- 
land cement, aluminous cement, and a brand of white cement, all in large 
quantities. A series of tests is being made, and some very useful information 
should be forthcoming regarding the comparative strengths and properties of 
concretes made from these cements, since the test pieces are being made and 
matured under precisely similar conditions and contain the same aggregates. 


Peter Lind & Co. 


WE understand that the businesses of Messrs. Peter Lind & Co., the well-known firm 
of reinforced concrete designers and contractors, and Messrs. Saxild & Partners, will be 
amalgamated as from January, 1928, and will be known as Peter Lind & Co., Ltd. 
Messrs. Peter Lind & Co. were established in London in 1915, and have been responsible 
for the design and erection of a large number of important concrete structures. The 
business of Saxild & Partners was established by Mr. J. Saxild a few years ago, and 
specialises in marine work. The two firms are now co-operating in the /400,000 
contract for the new Michelin Tyre factory at Stoke-on-Trent, which is rapidly nearing 
completion. Mr. Saxild is now in Turkey to supervise the construction of two new 
ralways, with a total length of about 700 miles, and is expected to stay there for a 
year or two. The cost of this railway work is estimated at /10,000,000, and Messrs. 
Peter Lind & Co. have an interest in the contract. 
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Book Review. 


“ Bemessungsverfahren." By Prof. B. 
ser. 
Berlin: W, Ernst & Sohn. Price 6 R.M. 


As its title reveals, this book is one of 
reference for engineers designing rein- 
forced concrete work in accordance with 
the new German regulations of 1925. It 
is now in its second edition. In England 
there is no book in existence which deals 
in an exhaustive manner with design to 
any set of regulations. А 

Professor Lóser has divided his work 
into nine parts, with an appendix dealing 
with the sectional areas, etc., of round 
bars. Part 1 is occupied with the deter- 
mination of bending moments and shears 
for simple and continuous beams and 
frames with rigid joints. The question 
of the moments in columns of rigid frames 
is very thoroughly dealt with, and tables 
are supplied which will help the designer 
in carrying out the requirements of the 
regulations. It is noteworthy that the 
German rules, unlike those of the L.C.C., 
give definite information concerning the 
method of calculating column moments 
for varying ratios of beam to column 
slenderness. Professor Strassner's con- 
venient diagram for the computation of 


А» 


loo Pe" t ОРА Yu убаа в | 
: 2 e ETRAS pg ул! - 


the moment of inertia of tee-beams is 
reproduced. The tables for the deter- 
mination of the pressure on walls of 
hoppers and silos are distinctly useful. 

Part 2 deals with columns subjected 
to axial loading, both hooped and spiralled 
columns being included. It is interesting 
to observe the high stresses which are 
allowed when proper spirals are employed, 
more especially when we have read state- 
ments in English text-books derogatory 
to this type of column. 

Bending and combined bending and 
compression or tension are treated ir. 
Parts 3 and 4. These are followed by 
articles on shear and adhesion stresses. 

Slabs reinforced in one or two direc- 
tions occupy Part 6, while flat-slabs are 
treated in Part 7 by the approximate 
methods which are more suitable .for 
inclusion in regulations than the highly- 
complicated calculations entailed by the 
use of the Navier analysis. 

Part 8 comprises the determination of 
stresses for given dimensions of members 
and given loads. 

No less than 35 examples are fully 
worked out in Part 9. These should be 
of assistance to designers.—W. S. G. 
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Reinforced Concrete Road at Guildford. 
[This concrete-surface road was completed recently, under the direction of Mr. W. G. Cross, then Borough Surveyor oí 


Guildford. Mr. J. Douglas, of Southampton, was the contractor. 
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DINGLE ROAD BRIDGE, BRISTOL. 


Dingle Road Bridge, Bristol. 


DINGLE Колр bridge, at Combe Dingle, 
Bristol, has been constructed for the pur- 
pose of carrying across the river Trym a 
new by-pass road from Westbury to 
Ávonmouth. The river-bed is 28 ft. 
below the level of the adjoining land and 
the level of the crown of the new roadway. 

The bridge is in reinforced concrete, the 
main dimensions being: Clear width 
between parapets, до ft.; span, 40 ft. ; 
height of surface above mean river level, 
25 ft. 

The anticipated depth for foundations 
was 9 ft. below ground level. On opening 
down through a good sound marl, a sandy 


marl carrying water was found ; as this. 


was quite unsuitable for carrying weight, 
it was decided to excavate the whole 
arsa down to the gravel, which was found 
at a depth of 15 to r6 ft. 

The extra depth was filled in with 8 to 
I mass concrete of limestone gauged from 
2 in. to $ in., with large plums bedded 
therein and finished at the level of the 
underside of a 27-in. reinforced concrete 
slab. Tar roofing felt was laid over the 
wet and dirty bottom before depositing 
any concrete, and during the whole time 
of excavating and depositing steam pump- 
ing had to be maintained night and day. 

The abutments are hollow, and are 
each 48 ft. long from the face of the abut- 
ment wall; the bottom consists of a 
reinforced concrete slab 48 ft. by 48 ft. 
by 2 ft. 3 in. thick, from which rise the 
abutment and wing walls tapering from 
I ft. 10] in. thick at the base to тт in. 
at the top under the deck beam. These 
walls are in turn supported by sloping 
counterforts 18 in. thick spreading to 
I3 ft. 6 in. at the bottom. 

The reinforcement throughout consists 
of mild steel round bars, from 14j-in. 
to }-in. diameter. The foundation slab is 
doubly reinforced, and splice-bars to walls 
and counterforts spring therefrom. 

A plinth with 4}-in. projection is 
carried around all abutment walls. The 
wing walls are panelled by pilasters, which 
in turn have raised panels on which the 
surface has been fine-axed to show the 
stone aggregate and give variation to the 
surface. Simple mouldings are carried 
around the tops of the pilasters. 

The span is composed of four para- 
bolic arch ribs having a rise of 11 ft. 3 in. 


The thickness at the centre is 18 in., with 
depths of 2 ft. and 2 ft. 9 in. at the crown 
and springing respectively. There are 
eight bars at top and bottom of each. 
Upon the extrados of each arch rib are 
built up six 12 in. by 18 in. columns to 
carry deck beams. The reinforcement 
bars have helical hoops. These columns 
carry the main deck beams, 154 in. deep ; 
the two centre beams are 18 in. and the 
two side beams 17 in. wide; these are 
intersected by secondary beams 12 in. 
wide by similar depths. 

The deck slab is 104 in. deep, double 
reinforced with No. 9 and 8 B.R.C. 
fabric, except under footways which have 
No. 6 fabric. The deck slab has a fall 
of 1 in 40 longitudinally and is flat in 
cross section, the necessary camber being 
given by 44-in. concrete laid thereon to 
proper contour. 

The cope beams carry a balustrade 
composed of pre-cast reinforced balusters, 
9-in. diameter at 13-in. centres, sur- 
mounted by a 14 in. by 8 in. moulded 
coping, also pre-cast and reinforced. The 
balustrade is finished at ends and at abut- 
ment faces with reinforced moulded 
pillars 6 ft. 3 in. wide and intersected by 
intermediate pillars 2 ft. 10 in. wide over 
the abutment pilasters. Balusters have 
4-1. bars through their centres, and these 
bars project into the cope beam and 
coping. 

The kerbs to footways over the arch 
are of im situ concrete, 10 in. wide, the 
remainder being 5 in. by 14 in. Pennant 
edging. 

Provision has been made through the 
abutments, and by brackets on the pillars 
of the bridge span, for gas, water and 
electric mains, which have been placed 
in position during construction. 

The whole of the concrete in reinforced 
work has been composed of 6 to 1 granite 
concrete, the aggregate being Trevor 
granite graded from 4 in. to } in. mixed 
with Holm sand and limestone screenings 
ys in. to dust. This last was added to 
give a clean face from moulds and proved 
very efhcient, no stopping in having to 
be done on removal. 

The shuttering fo» the pilasters was 
built up in not more than two lengths, 
the plain work between them being built 
up by raising the shuttering in 24-in. 
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lifts. A uniform level was maintained 
each day in building walls and counter- 
forts. 

The whole of the concrete was measured 
dry through boxes, mixed in a machine 
of 4-cubic yard capacity, and passed by 


THE last section of the new Dorking to 
Reigate road was formally opened last 
month by the Lord-Lieutenant of Surrey. 
This stretch is five miles long, and has a 
carriageway of 30 ft. and 8-ft. footpaths. 
It has been built at a cost of £143,000, 
including the construction of a reinforced 
concrete bridge over the river Mole. 
The road is of reinforced concrete, with- 
out surfacing, and is built on the principle 
adopted on the most recent all-concrete 
roads in Surrey. The work was carried 
out by direct labour, under the direction 


and to the design of Mr. W. P. Robinson, 
B.Sc., A.M.Inst.C.E., County Surveyor 
of Surrey. 

The road has a total thickness of 8 in., 
laid in two courses. The bottom layer, 
6 in. thick, is of 1:2: 4 concrete. The 
sand for this course is graded so that 
55 per cent. passes a 10-mesh sieve, and 
is rejected by a 30-mesh; 30 per cent. 
passes a 30-mesh and is rejected by an 
So-mesh ; and 15 per cent. passes ап 
80-mesh and is rejected by a 100-mesh. 
The coarse aggregate of the lower course 


DINGLE ROAD BRIDGE, BRISTOL. 


metal-lined chutes to the lower levels; 
that to upper levels was run in iron 
barrows from mixer to moulds. The 
whole of the labour was relief labour from 
the Employment Exchange, and practi- 
cally all the men were new to the work. 


New Dorking to Reigate Road. 


is graded so that 60 per cent. passes a 
I-in. ring and is rejected by a 31. ring ; 
40 per cent. passes 141. and is rejected 
by 1-т. The coarse material is crushed 
and washed. The sand is silica sand from 
the Buckland pits. The top course is 
2 in. thick, and is of a 1:14: 33 mix. 
The coarse and fine aggregate are graded 
in the same manner as for the lower 
course. The coarse material for the 
bottom course is pit gravel; for the 
top course the coarse material is partly 
shingle and partly granite chippings. 


А 


Deepdene Bridge. 


Buckland silica sand is used for the top 
as well as the lower course. 

Careful supervision is exercised over 
all the operations of mixing and placing. 
The water content is carefully controlled, 
and no sloppy mixes are allowed ; as a 
rule the water content is 10 or 12 gallons 
per cubic yard of concrete. This control 
of water content is believed to be one 
of the factors in the success of the rein- 
forced concrete roads already laid in 
Surrey under Mr. Robinson's direction. 

Expansion joints are placed at intervals 
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of 14 ft., at an angle of 60 degrees to the 
kerb. The alternate bay system is used 
for placing the concrete, the intermediate 
bays being filled fourteen days after the 
first. 

The reinforcement varies according to 
the nature of the subsoil; both B.R.C. 
mesh and Walker-Weston double-layer 
are used, as well as a system of plain 
steel bars. Where two layers of rein- 
forcement аге used, they are placed 1} in. 
from the top and bottom surfaces 
respectively. 


CONCRETE 
on filling at the approaches to the bridge. 
The usual practice on made ground 5 
to build a macadam road first, and place 
the concrete on this after it has been in 
use for a year ог two to allow any settle- 
ment to take place. 

Deepdene Bridge has been built еп- 
tirely in reinforced concrete by direct 
labour. It has a span of 7o ft. Its 
position in the midst of one of Surrey’ 
beauty spots caused considerable atten- 
tion to be given to the design, and also 
to the surface colour and texture of the 


Mechanical mixers with distributing 
booms were used almost exclusively, and 
the surface finished by hand-tamping 
with special beaters. The surface was 
allowed 28 days to harden, during which 
period it was kept covered with 3 in. of 
damp sand frequently sprinkled. 

An interesting new departure is the 
laying of the reinforced concrete direct 


concrete. The colour adopted is a sand- 
yellow on all exposed surfaces, so that the 
colour of the bridge is the same as the 
sandy soil of the district. The effect was 
obtained by the use of coloured Portland 
cement and a silica-sand aggregate. The 
whole of the parapet work was pre-cast 
on the site in wood moulds by direct 
labour. 
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Concrete Roads: Faults and their Lessons. 
By R. A. B. SMITH, A.C.G.I., A.M.Inst.C.E. 


1.—DESIGN. 


ALTHOUGH cement was used in Scotland in road work so far back as 
1865, and there are examples in Edinburgh to-day of roads built in 
1872-3, these are not concrete roads as we know them, but are rather 
what we would call “ grouted cement roads." We have to cross the 
Atlantic to see the first concrete road constructed on more modern lines 
and this is in Maine Street, Bellefontaine, Ohio. The first portion of this 
road was constructed in 1892, and consisted of a strip 1o ft. wide by 
220 ft. long. This was followed by the concreting of the Courthouse 
Square in the same town in 1893-4. It is interesting to note that this 
was а two-course road, the base consisting of т part of cement to 3 parts 
of gravel and 4 in. thick, and the top of 1 part of cement to 2 parts of 
fine aggregate passing a screen having 3 meshes to the inch, and 2 in. 
thick. Both courses were hand tamped, and the concrete was only wet 
enough to allow moisture to come to the surface when tamped. 

It was not until 1912 that any complete concrete road was constructed 
in Great Britain, when Mr. Matthews Jones designed and constructed 
Roberts Lane, Chester. This road was laid in one course consisting of 
broken granite and sand; the proportions were 5 of mixed aggregate 
to 1 of cement, and the thickness 7 in. Other roads over ten years old 
are: Canmore Street, Dunfermline, which was laid in two courses, the 
bottom 4 in. consisting of 3 parts Whinstone, 2 parts sand, and т part 
cement, and the top 2 in. of 2 parts Whinstone chippings, 2 parts fine 
granite and 1 part cement. Tilbury Dock Road, laid in 1917, was 7 in. 
thick, with a 53-in. bottom course and a top course of granite chippings, 
sand and cement. The reinforcement in the case of Roberts Lane was 
placed 23 in. from the bottom ; in the case of Canmore Street it was 
2 in. from the bottom ; and in the case of the Tilbury Dock Road it 
was I} in. from the top. 

The Courthouse Square, Bellefontaine, was constructed in a series of 
small panels, while the first concrete roads in Great Britain were con- 
structed without any allowance for expansion or contraction. In spite 
of the fact that until quite recently no endeavour has been made to 
understand the underlying principles of concrete road design, these early 
examples have stood up very well to traffic conditions which have very 
much changed since the time when they were constructed. 

Although the alterations in design would not be obvious to the lay- 
man, to the engineer they have been very varied and of the utmost 
importance. It must be remembered that these early roads were nearly 
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Fic. 1.—SHOWING NATURE OF CRACKS IN CONTINUOUS ROAD, DUE TO USING THIS ТҮРЕ OF 
CONSTRUCTION IN UNSHELTERED POSITION. 


always covered with a thin coating of tar spray and chippings, and for 
several years this was an annual maintenance cost. When, later on, 
engineers, like Mr. Arthur Harrison, Borough Surveyor of Southwark, 
constructed concrete roads and left the surface exposed it was realised 
that concrete could function in an even more important way than it 
had hitherto done. It was this exposure of the surface which made 
engineers more interested in the problem of overcoming certain difficul- 
ties which presented themselves. It was found that different materials 
had very different wearing qualities ; that the movement of the concrete 
varied in different positions ; that cracks appeared in some roads and 
not in others; and it became of importance to discover exactly what 
all these apparent vagaries really meant. 


Thickness of Slab. 


All the early roads in Great Britain were 6 to 7 in. thick, and it is 
difficult to understand why no thinner roads were tried unless it was 
the innate caution which is an English characteristic. If we wish to 
know anything of thinner construction we have to go to the State of 
California. For a number of years this State constructed roads with a 
concrete slab only 4 in. thick with a mix of 5: 24:1. In 1917 the rich- 
ness of the mix was increased to 4:2:1. In 1920 the thickness was 
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increased to 5 in., and later to 6 in. The original object of the 4-in. 
slab was that it should be used eventually as a base, but that it would 
be used as a running surface until such time as the wearing surface 
showed signs of disintegration and it appeared necessary to resurface it. 
The thin slab, however, did not prove a success, and with a great in- 
crease in traffic it was soon found necessary to.place another 4 in. of 
reinforced concrete on top of the existing 4 in. 

Other experiments have been made with thicknesses of 4 in., but so 
far they have not met with outstanding success. We may therefore 
take it that a minimum thickness of 6 in. of concrete is desirable in order 
to give the slab sufficient sectional area to stand the stresses set up bv 
temperature changes, etc., over a period of years. 

There is one other important factor which has to be considered before 
one can finally decide on the thickness of the slab necessary, namely, 
the type of traffic that is to be expected on the surface. Where the road 
carries only light traffic, and only an occasional lorry is expected, a 6-in. 
slab will suffice, although many engineers prefer a minimum of 7 in. in 
order to allow for irregularities in the sub-base which it is impossible 
to eradicate at a reasonable cost. "Where the traffic is medium with a 
fair number of lorries or 'bus services it seems advisable to add an inch 
to the thickness, and where the traffic is distinctly heavy both in volume 
and in weight then the thickness of the slab should be 8 or 9 in. 


Slabs Thickened at Sides or Centre. 


The Bates Experimental Road at Springfield, Illinois, was composed 
of 63 sections of road which included all the well-known types. It is 
only the intention of the author, however, to discuss the results of those 
tests that were carried out on the concrete lengths. As a result of this 
experimental road, it was laid down that it was advisable to keep the 
slab of minimum thickness up to within 2 or 3 ft. of each edge, and 
that the slab should then be thickened so that the depth at the edge 
measured from 2 to 3 in. more than the depth at the centre. The maxi- 
mum weight allowed in the United States on one wheel is 9,000 lbs., 
and the formula deduced for the strength of a corner was that d should 


equal V 3W, where d is the required thickness of pavement at unsup- 
S 


ported edge, W is the maximum load expected on one wheel, and sis 
one-half of the modulus of rupture of the concrete to be used. Assum- 
ing the modulus of rupture to be боо lbs. per sq. in., the required depth 
would be 9-5 in., and assuming 800 lbs. the required depth would be 
8-2 in. 

At first sight it is surprising that the result of this very important 
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CONCRETE 


Fic. 2.-5номтмс NATURE OF CRACKS IN WIDE ROAD WITH EXPANSION JOINTS ONLY ; 
DEMONSTRATING THE NECESSITY FOR FURTHER DIVISION OF THE SLAB. 


test has not had any appreciable effect upon the design of concrete roads 
in this country so far as the thickening of edges is concerned. It would 
be difficult to state an instance in Great Britain where the thickness of 
the concrete at the centre is less than that at the sides. The author 
is certainly not aware of such a case. One of the great points brought 
out in the test was that the maximum danger occurs when the outer 
lorry wheels are within 2 ft. to 2 ft. 6 in. of the edge of the slab. In 
Great Britain there are many concrete roads on which the average lorry 
certainly runs with its outside wheels in such a position, but so far there 
is no instance where appreciable damage has been done to the slab for 
that reason. 

We suffer very little from corner breaks or breaking at edges; the 
main troubles are longitudinal and transverse cracking and breaks 4! 
joints. In the presence of this evidence the average English engineer con- 
fined himself to constructing concrete roads with the same thickness at 
the centre as at the sides. But there is a school of thought that con- 
siders very strongly that the thickness of the slab should be greater 3t 
the centre than at the edges, which is absolutely contrary to the results 
of the Bates Test. The argument used by this school is that when con- 
crete expands on a camber it tends to move out to the sides of the road 
and in consequence when contraction takes place it finds some difficulty 
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in climbing up the slope formed by the camber. Therefore, there is a 
tendency for the road to crack longitudinally, or, if there is a centre 
joint, for that joint to become wider and wider. It is certainly true 
that roads of fair width do eventually crack longitudinally within a foot 
or two of the centre line. It is equally true that by using sufficient 
reinforcement and sufficiently thick concrete in the centre these cracks 
can be avoided, but inasmuch as 6 in. is about as thin as the edge can 
be it means that all roads would be at least 9 in. thick in the centre. 
A little closer investigation into the action that takes place in con- 
crete throughout the year shows that there is a tendency for the slab, 
whatever span it may be, to arch itself under heat conditions. When 
the rays of the sun are directly on the road surface the top portion must 
і be heated more intensely than the bottom, with the result that the 
| expansion would be greater at the top than at the bottom. This gives 
rise to the arching effect which has been mentioned. 
It is obvious that so far as the upper layer is concerned we are now 
Ж introducing stresses into it which bring the concrete into tension. Іп 
consequence, there is a grave risk of a crack occurring at the top of the 
concrete in the centre of the arch due to the tearing of the concrete, 
and this danger is increased when traffic is travelling over the arch as 
the vibration of the loads must put additional stresses on the surface 
concrete. The crack having occurred in the top, it is naturally not long 
before it penetrates to the bottom. It is, therefore, a question for the 
engineer to decide whether to increase the thickness of the concrete to 
such an extent, or supply sufficient reinforcement to prevent this crack 
taking place, or alternatively, to construct this crack as a central joint, 
or to allow it to occur and pav due attention to it during the ordinary 
course of maintenance. From a first cost point of view it is most 
economical to construct the slabs the same thickness at the centre as 
at the side. 
As a matter of interest a number of sections are shown in Fig. 4 
Which have been arrived at after a good deal of experience by various 
States in America. 
_ Theoretically it should be possible to design and construct a slab of 
indefinite length and width which, when properly reinforced, and having 
sufficient depth of concrete, will not show any definite cracks. How- 
ever, іп practice these cracks do occur, and though they may be in- 
visible in the first instance, they gradually develop and after a period 
ravelling commences. If a road is to be constructed for purely utilitarian 
Purposes and is to be put down at the minimum expense possible, con- 
110005 construction might easily be accepted as the form which most 
nearly fills the bill. But anyone undertaking this work must realise 
that he will have annually to fill a number of cracks, especially when 
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FIG. 3.—SHOWING NATURE OF CRACKS IN ALTERNATE-BAY CONSTRUCTION: THESE CRACKS HAVE 
ALWAYS OCCURRED АТ RIGHT-ANGLES TO THE JOINT BETWEEN BAYS, WHETHER THE JOINT IS AT 
RIGHT-ANGLES TO THE KERB OR NOT, BUT MAY BE PREVENTED, 


they start ravelling. Unfortunately there is at present no filler on the 
market the colour of which is the same as a concrete road ; in conse- 
quence, these irregular cracks are filled with black filler and are not at 
all an attractive sight—to the layman, at first sight, they rather give 
the impression that the road is breaking up. 


Continuous Construction. 


There are in America roads of continuous construction fourteen years 
old which are in an excellent state of preservation. These roads have 
become so stained with oil droppings that the cracks when treated with 
bitumen and tar are unnoticeable. There is, however, one definite dis- 
advantage of continuous construction which is of more importance to 
us in Great Britain than in the United States, and that is that in long 
spells of very hot weather the roads thus constructed burst at intervals. 
It may be only one in a year or two, but there is a considerable and 
unexpected hindrance to traffic which may prove very dangerous and 
is certainly objectionable. It is not always possible in Great Britain 
to do as they do in the United States, namely, run the car round the 
burst in the neighbouring fields. These bursts have only occurred in 
England on the more exposed roads, such as the North Circular Road 
and the New Cambridge Road, and they have not occurred in Liverpool, 
Middlesbrough, and other places where the roads are well protected. 

Even if these bursts have not actually taken place the shape of the 
road has been lost. Canmore Street, Dunfermline, has already been 
mentioned as a good example of a continuously constructed road, as is 
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the Southampton Dock Road, and there are several good examples in 
the Irish Free State. It will be seen, therefore, that continuous con- 
struction can reasonably be undertaken in very sheltered streets and in 
certain cities where the variation of temperature is very small. 


Alternate Bay Construction. 


Reports of these bursts led engineers to seek to avoid this trouble, 
and the alternate bay method of construction was adopted by such 
engineers as Мг. J. B. L. Meek, City Engineer of Manchester, Мг. W. Р 
Robinson, County Engineer of Surrey, and others. The method em. 


Fic. 5-Могккм ALTERNATE-BAy CONSTRUCTION. 


ployed is as follows: A strip of concrete is laid across the road, the 
width varying from 6 to 24 ft. according to the engineer's ideas on the 
subject. A space equivalent to the width of one bay is then left, and 
another strip is laid to the same dimensions. Alternate bays are thu: 
constructed right to the end of the work, and then, working backwards, 
the intermediate bays are filled in (Fg. 5). 

Generally speaking, engineers specify that not less than ten day: 
should be allowed to elapse before the intermediate bays are laid, to 
allow the initial contraction to take place in the first-laid bays. Some 
engineers have gone to the extent of making the first-laid bays wider 
than the intermediate with the object of reducing the size of the crack 
due to the contraction of the intermediate bay when setting. This 
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seemed to do away satisfactorily with the question of bursts, although 
there has been one inexplicable case in the Manchester area and an inex- 
plicable one in Yorkshire. 

The advantages of this method are that the screed is not too long, 
that one is able to use the alternate bays so soon as they have hardened 
for either mixing or depositing materials, and it is easy to obtain a per- 
fect camber across the road. The disadvantages are the number of 
joints introduced and the difficulty of getting the intermediate bays 
exactly the same level as the alternate bays. Another argument in 
favour of alternate bay construction is that by laying the concrete in 
bays across the road it has complete freedom to expand or contract 
towards either side. Another point noticeable in a clay sub-base is 
that the level of the sub-base is gradually raised in the intermediate 
bays until such time as the concrete is deposited ; it is very necessary 
therefore to check this level to ensure a proper depth of concrete. 

There seems to be an impression among some engineers that the ex- 
pansion of concrete along its breadth may be neglected provided there 
is sufficient freedom along its length. This, of course, is not the case. 
It is true, however, that if the length is three times the breadth the 
amount of expansion in the direction of the length is three times the 
expansion in the direction of the breadth. In consequence, by laying 
the road in a series of panels, it is possible to build a road with a series 
of breathing spaces at short intervals with the result that expansion 
across the breadth of each panel is not sufficient more than to tighten 
the joint. 

Some engineers prefer to lay these strips at an angle instead of straight 
across the road, one of the objects being to prevent a lorry bumping 
with both wheels at the same time from one slab to another. It still 
remains to be proved, however, whether there is any advantage in this 
method. It is certainly more difficult to obtain good screeding. 

It was thought that by adopting alternate bay construction the longi- 
tudinal crack would not occur down the centre of the road. It cer- 
tainly does not always occur as one continuous crack through all the 
panels, but each bay forms its own crack within a few feet of either 
side of the centre, but generally at right angles to the joints (Fig 3). 


(To be continued.) 


Summer Evening Courses. 


THE Manchester Municipal School of Technology has issued a prospectus of a series 
of evening classes and lectures to be held from june 13 to July 26 this year. The 
classes cover all engineering and kindred subjects, including Building. The building 
classes include lectures and laboratory work on the preparation and mixing of con- 
crete, including cement manufacture, testing of concrete, the cement water-ratio 
method of controlling strength, choice and grading of aggregates, etc., and comparisons 
of the properties of rapid-hardening cements compared with ordinary Portland 
cement. Other subjects are steelwork specifications and the structural design of 
overhead electric transmission lines of timber, steel, and reinforced concrete. Professor 
F. E. Drury is the Head of the Building Department. 
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Reinforced Concrete Water Tanks. 


Tanks below Ground Level. 
By LESLIE TURNER, B.Sc., A.M.Inst.C. E. 


ANY tank where the ground line occurs more than 1 ft. above the level 
of the floor, or where earth or filling is to be tipped against the outside 
of the walls, will be termed, and must be treated as, an underground 
tank. It will be readily appreciated that this introduces another con- 
dition into the design, namely, the walls must act.as retaining walls 
when the tank is empty in addition to holding the water when full. 
In the following design it is assumed that the ground is not water- 
logged. Should the latter be found to be the case a special heavier 
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design would be required, otherwise the floor may blow in or the whole 
tank float and rise bodilv in the ground, a not uncommon occurrence. 
Reference should be made to “С. & C.E.," May, 1927, where pre- 
liminary remarks and a description of the floor are given for tanks above 
ground level; these also apply to the design for underground tanks. 
The notes on page 316 regarding the construction of the wall given 
again apply here, except that the reinforcement is different as will be 
seen from Figs. 1 and 2, which give full details. It will be noted 
that the concrete sizes are the same as before, while it must be under- 
stood that the additional corner reinforcement shown on plan E, Fig. 1, 
page 314, must, of course, be inserted in the manner there described. 
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Quantities. 
As in the preceding case the quantities are given here :— 
(1) per square yard of floor (excluding wall base) 
(2) per lineal yard of wall (including wall base). 
FLOOR (per yard super) :— 
Shuttering—5-in. board round perimeter, staked. 
Concrete—g sq. ft., 5 in. thick . : . 3°75 cu. ft. 
Reinforcement—#-in. bars at 18-in. centres, ‘both ways, 
in top and bottom, straight, includ- 
ing a reasonable amount for laps . 101. 
WALL (per lineal yard) :— 
Shuttering—38 ft. super (both sides measured). Add for 
posts, struts and cutting. 


cu. ft 
Concrete—Wall base (or floor), 15 sq. ft., 5 in. thick ! 6:25 
Fillets . : 6 lin. ft, біп. by6in. . 0-75 
Wall : : 18 sq. ft, 5in.av. . : 7:50 
Coping . : 3 lin. ft, біп. by ain. . 25 
Reinforcement—approx. 106 lbs. 1475 
ALL HOOKS 6" UNLESS 
OTHERWISE DIMEN SIOIIED $- 
\ бак Z, 
E: NE 
- 9" 
р 
TOTAL LGH 105“ 7-7" 6-/" 6:5 
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The notes relating to the mix of the concrete and the care in the 
filling of the tank given on pp. 317 and 318 apply equally in this case. 
In addition the earth filling or tip must not be thrown against the wall 
and tamped until five or six weeks have elapsed (assuming ordinary 
Portland cement is used). 

With regard to the vertical bars in this wall, it will be seen that on 
both earth and water faces these bars occur nearest the surface (each 
having 4-іп. cover of concrete) so that the crossbars lie inside in both 
meshes. 

This design would admit of the tank being tested by filling with water 
before the earth bank is filled in around it ; again, at any subsequent 
date the earth bank may be removed for short lengths, if necessary 
down to within, say, 2 ft. of the bottom, without emptying the tank. 


Modifications for Smaller Tanks. 


The following modifications for lesser depths and for short-sided tanks 
apply to tanks both above and below ground level. 

Modifications for Lesser Depths.—Should the maximum depth 
required be 4 ft. or under, the thickness of the wall may be reduced to 
4} in. and the diameter of the bars reduced to š in. The lengths of the 
latter must, of course, be shortened to suit, leaving a clearance or cover 
of 4 in. at the top and bottom. The radius of the circular bend in the 
fillet bars must also be reduced to 34 in. The thickness of the floor 
may be reduced to 44 in. if the ground is reliable. 

Modification for Tanks of less than 6-ft. Side.—If any two oppo- 
site walls of a tank 6 ft. deep are to be built closer than 6 ft., as in the 
case of a tank 5 ft. 6 in. square on plan, then the floor must be 6 in. 
thick throughout, and the top layer of floor reinforcement increased to 
J-in. diameter, hooked both ends and placed at g-in. centres. Where 
the depth of water is about 4 ft. or less the original 5-in. depth may be 
retained. 


Reinforced Concrete in Panama. 


THE British Vice-Consul at Panama reports that the construction of a large number of 

reinforced concrete buildings is contemplated in that city, and he accordingly suggests that 

British firms interested in the supply of materials used in this class of construction should 

forward catalogues, prices, etc., of their products for transmission to the leading local con- 

tractors. Four copies of catalogues, etc., he states, could be advantageously placed, and these 

Ше be addressed direct to Н.М. Consul-General, British Consulate-General, Panama 
ity. 

The Vice-Consul has also furnished some particulars regarding the following schemes 
which are about to be undertaken in Panama, and which may possibly provide openings for 
the supply of British materials, etc. 

(1) The construction of a bath house at Panama City, by a firm of local contractors, 
at an estimated cost of 16,000 dollars. 

(2) The erection of a first-class modern hotel to cater for tourist traffic. The building 
is to be of reinforced concrete, and will cost not less than 50,000 dollars. 

Firms in a position to offer materials of British manufacture can obtain further par- 
ticulars of these projects, on application to the Department of Overseas Trade, 35 Old Queen 
Street, London, S.W.1. 
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Questions and Answers relating to Reinforced 
Concrete. 


Readers are cordially invited to send in questions relating to concrete. 


These 


questions will be replied to by an expert, and, as far as possible, answered at 


once direct and subs 


nily published where they are of sufficient general 


interest. Readers should supply full name and address, but only initials will be 
published. Stumped envelopes should be sent for replies.— ED. 


Roof for Tank. 


QUESTION.—I have a water tank 37 ft. 
4 in. inside diameter which I wish tocover 
over. In the centre is a tower 5 ft. 
outside diameter, left open, so that the 
annular space between the tower and the 
outer walls only is to be roofed. 

What kind of roof would you suggest ; 
no snow falls here, so that as far as this 
item is concerned the roof may be flat. 
I would like to avoid intermediate 
supports between the outer and inner 
circle, if possible without incurring un- 
necessary expense. 

Would a flat roof supported on the 
outer wall and a bracket on the tower be 
simpler than the most direct way of 
dividing the space in sectors bv main 
beams and then spanning the intermediate 
space by slabs so as to form the usual 
T beams? How should the armouring of 
the cantilever member round the tower 
be disposed so as to support the free end 
of the annular ring? Will it be on the 
principle of mushroom construction ? 

L. GATE. 

Malta. 


ANSWER.— The roof could be construc- 
ted as suggested, though there is no 
object in having a slab above the canti- 
lever. It would be better constructed 
monolithic with a concealed point of 
contratlecture. 

Anvone experienced in reinforced con- 
crete design would have no difficulty in 
designing either a cantilever or a slab, and 
if you have no experience in this type of 


construction you would do well either to 
adopt generous dimensions for the 
concrete and reinforcement, or obtain 
professional advice.—O. F. 


Tank for Creosote. 


QvESTION.—In connection with the 
design of an underground storage tank 
for creosote oil, perhaps you could tell 
me whether such a tank could be con- 
structed in mass concrete, keeping in 
view any deleterious effect which the oil 
might have on the concrete. If this 
material is suitable would any special 
waterproofing substance be required, or 
could the tank be made watertight bv 
any special means, such as a rich mixture 
on the face. 

J. $. MARSHALL. 

Edinburgh. 

ANSWER.—A concrete underground 
tank would be quite suitable for creosote. 
The inner 3 in. should not be less ruh 
in cement than, say, 1: 11: 3, and should 
be mixed a little wetter than might be 
correct for a tank not having to сапу 
creosote. We do not think that anv sur- 
face treatment would be either eftective 
or necessary. Obviously special pre- 
cautions must be taken between suc- 
cessive day's concreting to prevent апу 
contraction or construction cracks, denn- 
ite rebated joints being left in all cases 
and special care taken with the chippinz 
and grouting previous to depositing fresh 
могк.— О. F. 


Concrete Road in Channel Islands.— The first section of concrete road to be 
laid in the Channel Islands has just been carried out by direct labour at 5t. Heher 


Harbour under the supervision of the States Engineer, Mr. E. Berteau. 


forced with B.R.C. Fabric. 


It is rein- 


Cement Marketing Co., Ltd.—Mr. James Stevens, who has been connected 
with The Associated Portland Cement Manufacturers, Ltd., and The Cement Marketing 


Company, Ltd., since their formation, has been appointed a Director of th 


Company. 
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REINFORCED CONCRETE BRIDGE IN ALGIERS. 


Reinforced Concrete Bridge in Algiers. 


À BRIDGE with some interesting details 
has recently been constructed to the 
designs of M. Henry Lossier near Philip- 
peville, Algeria. This bridge, which has 
a total length of 556 ft., was the subject 
of a competition in 1923, and the three 
designs of M. Lossier were approved by 
the committee which investigated the 
various plans. These three schemes 
were for :— 

(1) A single span with hollow arch ; 

(2) Three bowstring spans ; 

(3) Seven equal spans. 

The third design was adopted as being 
the least costly. 

The lay-out consists of seven spans of 
76 ft. each, with 21 ft. clear width in- 
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Reinforced Concrete 


cluding 2 footpaths. Each truss is made 
up of a parabolic arch with two rectan- 
gular members joined together by verticals 
and diagonals, four vertical members and 
one tension member connected by the 


ШІП пане ` 


four verticals to the arch. Each pair of 
main vertical members with the corre- 
sponding portion of the bridge forms a 
rigid frame designed to resist wind loads 
and lateral bending of the arches. At one 
end the truss rests on a hinge and at the 
other is supported by an ''expansion 
column "' (see illustration). 

According to Le Génie Civil, from which 
our description is taken, each of the six 
piers is composed of two hexagonal 
towers united by a diaphragm. Each 
tower is made up from (1) a square 
reinforced concrete slab resting directly 
on five piles, which were driven down to 
the rock; (2) a hollow hexagonal shaft, 
constituted of lightly reinforced precast 
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Bridge in Algiers. 


members which were concreted in place 
with the help of hoops and vertical bars 
which had been previously left in grooves 
for this purpose ; (3) an upper hexagonal 
slab carrying the load from the hinges 
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and ‘‘ expansion columns ” to the tower 
below. 

. The design was carried out to the 
French Government rules of 1906 and the 
specification of 1915 for loads on highway 
bridges. In addition, allowance was 
made for the stresses caused by the 
passage of an 18-ton steam roller over 
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As the seven spans were identical, 
particular care was taken to make the 
formwork of such a type that it might be 
easily taken down and re-erected. It was 
also carefully wrought in order to avoid 
rendering of the concrete after dis 
mantling the forms. The centering vas 
supported by sand-boxes and wedge 


Details of a Pier. 


the bridge. As each principal truss is in 
form a two-hinged arch with a tie-rod 
the calculation of the stresses was made 
by the rigorous methods of elastic de- 
formation, taking into account the 
extension of the tie. The action of 
moving loads was computed by the use 
of influence lines and the Principle of 
Least Work. 
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under the principal beams on a tm 
ber framework composed of piers, 3t 
about 16 ft. centres, braced in all direc- 
tions. ; 

The concrete used was mixed with 
300 kg. of Portland cement to eachc ubic 
metre for the main work. For the arcb. 
hinges and “ expansion columns ” 400 Е. 
рег cb. m. меге used.—W. S. С. 


[rA] REINFORCED CONCRETE BRIDGE IN ALGIERS. 
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Foundations for Transmission Line Towers: Fig. 1. (See p. 394). 
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Fig. 2. 


Foundations for Transmission Line Towers. 


FOUNDATIONS of towers carrying high- 
tension electric lines are necessarily of 
large dimensions when constructed of 
plain concrete, the dimensions depending 
on the loads and the factor of safety re- 
quired against overturning. 

Transmission lines frequently cross 
country which is without adequate means 
of communication by rail or road, involv- 
ing heavy transport charges for materials 
and even water. 

In Switzerland there are many such 
lines. For example, the transmission 
line of the State Railways from Valais to 
Puidouk, described in a recent issue of 
" Revue du Beton Armé," has towers 96 
ft. high and spans varying from 820 ft. to 
1,300 ft. The Swiss regulations require 
a factor of safety of 1:5 against overturn- 
ing, which necessitates a foundation of 
over 700 cb. ft. of mass concrete. 

Professor Perrin, of Geneva, has de- 
signed an interesting pre-cast foundation 
for these towers which reduces the cost 
of transport considerably and has been 
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adopted for a length of nearly 40 mile: 
of this line. Our illustrations show the 
method of assembling the legs of the tower 
with the angle-iron projecting from the 
base and the way in which the pre-cast 
blocks are erected. Once the excavation 
has been completed a 4-in. layer of sand 
is spread over the bottom and the block 
A and B аге placed in position, the intet 
vening spaces being concreted with à 
rich mixture. The hollow members €. 
which are reinforced and into which tht 
base angles fit, are then assembled m 
position. The upper ends of the blocks¢ 
are united by hollow pre-cast portions D. 
The latter joints are then concreted and the 
stub angles project above the back-filline 
For the diagram illustrating these blocks 
see Fig. т, p. 393. 

Before the design was adopted a t€ 
was made with very satisfactory results 
The difference in cost between a mas 
concrete footing and the one just describe 
is about 41 per cent. in favour of the ne 
design —W. S. G. 
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REINFORCED CONCRETE WORK IN GERMANY. 


Recent Reinforced Concrete Work in 
Germany. 


A GREAT deal of interesting reinforced 
concrete construction has been carried 
out in Germany during recent years, some 
of which is illustrated and briefly des- 
cribed in these notes. 


Coal Bunker at Alsdorf. 


This bunker has a capacity of 3,000 
tons; its height is 168 ft. It is intended 
for storing fine coal for coking. The 
charging platforms project on each side 
in order to provide sufficient room for 
the cable-way station. The coal bunker 
forms a cell 78 ft. high. At the bottom 
of the bunker are 16 delivery openings 
for supplving coal. In order to protect 


the tower from damage from subsidence, 
the foundation slab has a thickness of 
from 3 ft. 4 in. to 4 ft. 


Reinforced Concrete Chimneys. 


In Germany the monolithic system of 
chimney construction seems to have been 
replaced by pre-cast concrete blocks in 
conjunction with iron settings, which are 
now used practically exclusively. It is 
claimed that the cost of shuttering 
exceeds the extra expenditure in labour 
when blocks are used. 

For protecting the concrete against 
acids and for reducing the heat stresses, 
the inner covering of the chimneys 


Coal Bunker at Alsdorf. 
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Reinforced Concrete Chimneys at Mannheim. 


Coal Bunkers at Munich. 
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REINFORCED CONCRETE WORK IN GERMANY. 


Parcels Office at Munich. 


usually consists of a lining of fireclay 
blocks, resting on rings of brackets which 
project on the inside in sections of from 
33 to 39 ft. apart. The top end of the 
lining telescopes into the bottom end of 
the next section, to ensure uniform move- 
ment of the various sections under the 
action of the heat. 

Our illustration shows a group of eight 
chimneys at the power station at Mann- 
heim. The section here is octagonal. 
The height of the chimneys is 180 ft. ; 
the inside diameter at the top is 9 ft. 
An interesting feature is that all the 
chimneys branch off from the central 
boiler house. 


Coal Bunkers at Munich. 


A coal bunker, with coal grinding and 
mixing plant, has recently been com- 
pleted entirely in reinforced concrete for 
the gasworks of the city of Munich. The 
foundations of the building are 23 ft. 
deep, and rest on a concrete bed 5 ft. 
thick. The bunker contains eight 
hoppers, each one with a capacity of 640 
зар? of coal. The height of filing is 
70 ft. 

The most interesting portion of the 
building is the coal hopper with a cap- 
acity of 1,880 tons. This is 66 ft. above 
ground level, and 16 ft. 6 in. wide, which 
unloads independently and carries a two- 
story superstructure. The load of this 
plant is taken up by a reinforced concrete 


supporting plate, which in addition 
supports at its extreme end an iron 
bridge, together with a delivery hopper 
installed thereon. The free supporting 
plate carries a weight of 600 tons. 

Although the work was interfered with 
during more than three weeks by a rush 
of water, it was found possible to complete 
the bunker within the short period from 
June то to the end of November. 


Parcels Office, Munich. 


The new Munich Parcels Office was 
opened in November last. It is claimed 
that its arrangement is unique, and as 
a building it is remarkable in many 
ways. 

The concrete work was commenced in 
April and the roof was concreted by the 
end of September. The roof of the build- 
ing has been concreted in sections with 
high-grade Portland cement, mixed in the 
proportion of 1:4. This made it possible 
to use the shuttering twice. The main 
circular girder is supported by eight 
columns, and carries the load of the 
girders which project towards the inside. 

The enclosing wall surrounds a rotunda 
168 ft. in diameter; the ground floor 
structure has a diameter of 200 ft. ; and 
the circular roof has an 11-ft. span. A 
basement 23 ft. deep contains the dis- 
tribution drums, which send the parcels 
to the various districts by means of belt 
transporters. 
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Reinforced Concrete Cooling Towers. 


ON p. 349 we refer to the saving in cost 
of erection of reinforced concrete cooling 
towers compared with wood and steel, 
and in the following notes we give some 
comments on the technical advantages of 
different types of cooling towers. These 
notes are from a paper read recently 
by Mr. T. J.\Gueritte, B.Sc., before а 
recent meeting of the British Section 
of the Société des Ingénieurs Civils de 
France. 

Dealing with wood towers, he pointed 
out that timber subjected alternately 
to damp and dry conditions decays verv 
rapidly. Should a board of the external 
shell decay and give way the result is 
an immediate inrush of air, and if this 
takes place above the distributing troughs, 
the air flow, not being impeded by the 
laths and frames which occupy the lower 
part of the tower, nor by the falling rain, 
keeps its full strength and considerably 
disturbs the draught in the lower part, 
thereby reducing the efficiency of the 
plant. Consequently one must pav con- 
stant attention to the upkeep, and the 
cost is heavy owing to the difficulties 
of repair work while the tower is working. 

Whatever the care bestowed upon it, 
a timber cooling tower does not last long. 
Its life varies according to the countrv, 
the quality of the timber, etc., but, 
analvsing figures supplied bv engineers 
in various lands, the average is from 
I2 tO Is years. 

On the other hand, in important plants 
comprising a great number of towers, 
several may happen to be out of commis- 
sion at the same time, either for repair, 
cleansing, or because during summer 
months the power station is not working 
at full capacitv. The risk of fire is 
great, the timber often being impregnated 
with tar products as a preservative against 
decay. The destruction bv fire of one 
or more cooling towers is known to have 
had detrimental effect upon the work of 
a generating station, and, as a conse- 
quence, one of the most important 
generating stations 10 Great Britain 
(Nechells, 225,000 k.w.) has been provided 
with reinforced concrete fire-screens canti- 
levered out about 13 ft. to protect the 
timber towers for a length of about 
500 ft. against the sparks from a railway 
which runs alongside the cooling stacks. 
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The same object was in view when à 

recent specification was drafted (Ham- 
Hall, first quarter of a plant for 840,000 
k.w.) stipulating that if timber coolers 
were offered as an alternative to rein- 
forced concrete it would be necessarv 
to provide adequate fire-fighting 
appliances. 
. Other considerations, fully as weighty. 
contribute to the abandonment of timber 
in the most modern cooling plants. The 
desirability of circulating a great volume 
of water necessitates the use either of 
a great number of small towers or prefer- 
ably of fewer but much bigger units. 
In this country the usual type of timber 
cooler is rectangular, and the width 
can hardly exceed 36 ft. or 38 ft. ; other- 
wise the air would find difficulties in 
reaching the central part, the efficiency 
of which would become nil. Cons- 
quently for big plants such towers must 
be made of great length, which 1$ not 
without drawbacks as regards the proper 
distribution of the water. Іп practice. 
if the length exceeds 75 or 80 ft. one mut 
provide more than one inlet pipe for 
feeding the various parts of the lon? 
rectangle. A frequent arrangement fo: 
big plants consists in providing parail! 
series of rectangles, 36 to 38 ft. wide 
by 400 to 450 ft. long at most, space! 
at least 15 ft. apart. 

But the air circulation is far from 
satisfactory in such long corridors, and 
when the wind blows from certain direv- 
tions it becomes decidedly bad. Onc 
finds that with several parallel series о: 
such long rectangular towers the ethciene 
of the units in the central part is smaller 
than that of the towers along the border 
and smaller again than that of the cemer 
towers, the only ones the efficiency. 0! 
which approaches that of a similar tower 
standing by itself. 

The enormous flat surfaces of such 
towers present considerable obstruction 
to the wind. The width at the hax 
must not be more than до ft., and preter- 
ably less, so that the stability become 
precarious if one increases the height 
so as to improve the draught and obviate 
the loss of efficiency of the central units. 
In practice, it is difficult to exceed à 
height of 110 ft. It has been proposed 
to increase the stability by connectinz 


Walls of Pond and Supports of Cooling Stack. 


Reinforced Concrete Cooling Towers at Liverpool. 
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the parallel series of towers by means 
of a network of horizontal metallic ties 
at their upper part over the passages, 
but such bracings, notwithstanding the 
use of the best protective paints, 
would rust away rapidly in the warm 
and damp atmosphere which prevails 
at the top of cooling towers, often con- 
taminated by the presence of smoke from 
surrounding factories. 

In order to overcome such drawbacks 
metallic towers have been tried and 
several types are in existence, but not- 
withstanding the use of the best paints, 
which render their upkeep very costly, 
the atmosphere is most detrimental to 
metallic towers. The circulating water 
is not always quite pure, and often its 
chemical impurities increase the rapidity 
of the corrosion. In various cities in 
the United Kingdom the life of such 
towers is estimated not to exceed from 
six to eight years at most. The prime 
cost is always high, often from 5o to 8o 
per cent. or even more, over that of 
towers designed for the same work, 
either in timber or in reinforced concrete. 
Their use seems likely to be restricted 
to special cases. 


Reinforced Concrete Towers. 


It was consequently through a natural 
evolution that reinforced concrete has 
come to be adopted for cooling towers. 
When well designed and carried out, a 
reinforced concrete tower requires no 
upkeep so far as the shell is concerned, 
being practically indestructible; it is 
proof against fire, and may be constructed 
with perfect safety as high as desired. 

The construction of metallic towers of 
the circular type had shown the advantage 
of that shape over that of a rectangle, not 
only as regards the more even distribu- 
tion of the water but also as regards the 
general strength of the structure. Asa 
result, during the last few years many 
reinforced concrete and also timber 
towers were built hexagonal, octagonal, 
etc., in plan. But the difficulties con- 
nected with the use of timber for the 
construction of units of great diameter 
and height, together with the other 
drawbacks of timber, do not give such 
towers a chance to compete successfully 
with reinforced concrete for big units. 

Further, the circular shape is far better 
than the polygonal from the point of 
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view of the better utilisation of the site. 
It is well known that when striking the 
vertical face of a structure rectangular 
in plan, air streams diverge and create 
a large ' dead space” behind the ob- 
stacle. On the contrary, when air strikes 
a circular cylinder the streams tend to 
get closer together again behind the 
cylinder. Consequently the air circulates 
far more easily throughout a nest of 
towers when these are circular than when 
they are rectangular or polygonal, and 
the drawbacks of the latter are thereby 
eliminated, there being no further need 
to maintain large air passage between 
the various units; narrow spaces are 
sufficient. The effect is still more marked 
if, instead of having circular cylinders, 
one gives to the towers the shape of 
hyperboloids with vertical axes, the shape 
which happens to be that which secures 
the maximum of efficiency for the mini- 
mum of cost. In such cases there is no 
reason why the towers should not be 
almost in contact at ground-level, leaving 
between them just a foot or so to allow 
the passage of the attendants. Many 
approximately circular towers either 
cylindrical or conical in elevation have 
been erected during the last few years 
in various countries, both in timber and 
reinforced concrete. 

This property of air streams has great 
importance also as regards the stability 
of the towers. For moderate speeds 
and for obstacles of ordinary dimensions 
the obstruction offered to the stream by 
a circular cylinder is only 56 per cent. 
of that offered by a prismatic body of 
same projection. Recent experiments at 
the aerodynamical laboratory in Gottin- 
gen show that for very great speeds and 
very large obstacles the wind pressure 
against a smooth cylinder is less than 
25 per cent. of that against a flat surface 
when the wind blows at an angle of 
about 35 deg. It is well known that 
very few timber cooling towers remain 
standing when they find themselves on 
the path of a cyclone. It should be 
noted, however, that the advantage 
attaching to a smooth cylinder is con- 
siderably reduced if the cylinder, instead 
of being smooth, is provided with pro 
jecting ribs or pilasters. The whole 
question of the flow of fluids has great 
importance in cooling tower designing. 
not only as regards the external shape. 
but also concerning the details of con 


struction and in particular the internal 
arrangements. 

The general trend is in favour of large 
units. АП other conditions being equal, 
and assuming that one can ensure an 
adequate and uniform distribution of the 
air stream throughout the whole area of 
a tower, its efficiency is proportional to 
the rain area. А tower тоо ft. diameter 
does the same work as four towers of 
50 ft. diameter. As the area of its walls 
is only one-half of the total wall area 
of the four smaller units, as the inlet 
piping is less costly for the one big unit 
than for the four small ones, and as the 
same applies to the ponds, the bigger unit 
is more economical. 

Cylindrical towers, however, present a 
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dificulty, for as soon as the diameter 
reaches a certain figure the air which 
enters through the openings provided 
for that purpose along the periphery of 
the cylinder, near the ground, is dis- 
tributed very unequally throughout the 
area of the cylinder. The fresh air is 
warmed up immediately it enters, and 
has a tendency to rise vertically instead 
of going toward the central part; the 
small quantity of air which may reach 
the centre is too warm to be really 
efficient. Consequently there is bad 
utilisation of the central space, and the 
advantage in favour of big units of this 
shape is considerably discounted if not 
wiped out. To remedy this drawback 
cylindrical towers have been provided 
with special air ducts taking the fresh 
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air from a number of points on the peri- 
phery and bringing it to the central 
part, but this is a clumsy solution of the 
difficulty. The ducts, to be efficient, 
must be of large dimensions; they 
interfere with the general circulation of 
the air, set up eddies, and produce 
inequalities in the cooling power of the 
various parts of the area, together with 
a lowering of the efficiency of the 
peripheric parts. 

In connection with the cooling equip- 
ment of the power stations in the various 
Dutch State Mines of which he is Director, 
Professor van lterson had occasion to 
study many types used in various 
countries. Their drawbacks had struck 
him and he had come also to the con- 
clusion that the “ guarantees ” of cooling 
efficiency were often quite illusory. He 
was thus led to design, in collaboration 
with Mr. G. Kuypers, Chief Engineer 
for the control of new structures of the 
City of Amsterdam, a cooling tower 
based on entirely different principles. 


Advantages of the Hyperbolic Shape. 


Its shape is hyperbolic. The reinforced 
concrete shell is quite smooth without 
any projecting pilasters, beams, ог 
counterforts, either inside or outside, 
thereby securing an air circulation as 
regular as possible. The hyperbolic 
shape, adopted after Eiffel, eliminates 
the shearing stresses, the construction 
of the shell becoming most economical. 
The great strength of a double curvature 
shell of this kind makes it suitable for 
resisting the most severe storms without 
having to provide internal bracings, 
thus avoiding the formation of eddies 
which would interfere with the regularity 
of the air flow. The hyperbolic shape 
automatically directs the air streams 
entering the tower toward the centre 
part, and induces an excellent draught. 
The widening out of the top part reduces 
the speed of the column of air saturated 
with steam, avoiding eddies around the 
cornice, and permits the recuperation of 
a certain quantity of the water lost 
through evaporation, and which begins 
to condense after leaving the zone of 
over-saturation existing in the lower part 
of a cooler of maximum efficiency. On 
the other hand, the spreading out of the 
lower part of the shell causes the water 
drops to fall always in the pond without 
necessitating the provision of louvres, 
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such as are necessary in other types of 
towers, and which considerably obstruct 
the air ingress. 

The monolithic nature and lightness 
of such a shell procure a great saving 
in the cost of foundations as there are 
no point loads, the loading being very 
uniformly distributed. For instance, a 
tower approximately тоо ft. diameter 
and 125 ft. high brings less than 2 tons 
per foot run at the base, including wind 
pressure. The enormous strength of 
such structures cannot be illustrated 
better than by the following instance: 
The cooling towers at Pit Emma (Holland; 
are just over the colliery workings. Un- 
equal roof subsidences took place a few 
years ago, and one of the towers and its 
pond had to follow the movement of 
the ground. One end of a diameter 
went down just over 3 ft. more than 
the other end, and the tower itself tilted 
proportionately. It became necessary to 
carry out some repairs for re-establishing 
the horizontality both of the edge of 
the pond wall and of the water distribut- 
ing troughs, etc. but the structure 
exhibited no trace of fatigue either 
during the repairs or since. 

The water is distributed over the 
hurdles by means of radial troughs which 
feed subsidiary troughs arranged т 
parallel concentric lines, thereby ensuring 
a uniform distribution in each triangular 
sector. Water jets issue through conical 
nozzles and strike spray cups of special 
shape, a fine spray resulting and falling 
upon the hurdles or laths. These are 
sloping towards the outside; from an 
inclination of 45 deg. at the top, thev 
become almost horizontal at the lower 
part of the stack. The water falling 
from the bottom of a lath to the top of 
the following one thereby progresses 
toward the periphery, and the speed of 
its fall is gradually reduced. Cons- 
quently it has longer contact with a 
cooler air in proportion as it becomes 
itself cooler. The varying slope of the 
laths has also for object the guidance 
of the air streams toward the central 
part of the tower along the regular curves 
without abrupt changes of direction, 
and with the least possible obstruction. 
The position of the nozzles is carefully 
arranged so that the density of the rain- 
fall in any point be in suitable proportion 
to the quantity of air and the exchange 
of heat expected at that point. 
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Proved a Definite 
Saving in Roofing 
Costs 


To employ ‘‘ Permanite ’’ Asbestos 
Cement Slates is to effect not only 
a considerable saving in roofing 
costs, in some cases as much as 
25 per cent., but to add to the 
beauty of design and at the same 
time to ensure absolute weather 
protection. 


These slates аге tremendously 
strong, yet light in weight, and by 
reason of this fact render possible 
a lighter roof construction. They 
are} quickly and easily fixed, will 


not warp or crack despite the efforts 
of rain or frost, and the colours 
will not fade. 


They are guaranteed weather-proof 
for a minimum period of twenty 
years, and, being obtainable in four 
colours- —Grey, Blue, Red and Rus- 
set-Brown—have artistic qualities 
that architects are quick to realize. 

“ Permanite ” Asbestos Cement 
Slates are made in two rectangular 
sizes Pet in. by 12 in. and 16 in. 
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ASBESTOS-CEMENT SLATES 


TURNER BROTHERS ASBESTOS CO. LTD. 
TRAFFORD PARK, MANCHESTER 


LONDON : 120 Fen- 
church Street, E.C.3 
NEWCASTLE - ON. 
TYNE: 4 Mosley St. 
BIRMINGHAM 

, Cannon Passage, 
Cannon Street. 

' GLASGOW: F. G. 

' Price & Co., Lid., 
Limpet Works 
Carmyle. 
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Reinforced concrete hyperbolic towers 
can be made for all capacities. In 
practice, however, they are seldom built 
for less than 50,000 g.p.h. The smallest 
now at work (pit Hendrik, Holland) 
may work with a load from 44,000 to 
100,000 g.p.h. For many years the most 
powerful type remained that used at the 
pits Emma and Wilhelmina (Holland), 
at Liverpool, at Cairo (225,000 to 
950,000 g.p.h). Bigger units were erected 
at Leicester, Coventry, Pit Maurits 
(300,000-1,200,000g.p.h.). Thebiggest so 
far designed, for the Birmingham Elec- 
tricity Works, can cool from 1,200 to 
4.Зоо,ооо g.p.h. It is recommended to 
work normallv with 3,200,000 g.p.h., 
being coupled to a 40,000 k.w. turbo set. 
Credit for the introduction of hyperbolic 
towers in this country is due to Mr. H. 
Dickinson, M.I.C.E., M.I.E.E., City Elec- 
trical Engineer, Liverpool, who, following 
tests carried out in Holland by his Deputy, 
Mr. P. J. Robinson, M.I.E.E., caused 
three such towers to be erected in Liver- 
poolin 1925. In view of the very satis- 
factory results obtained, two more units 
are now being erected. The whole 
battery will consist of 13 towers. 

Generally speaking the capacity of 
timber cooling towers does not reach 
100 gallons per sq. ft. covered. Hyper- 
bolic cooling towers have brought about 
a marked advance in that respect. The 

Coventry type cools efficiently over 
150 gallons and the Birmingham type 
220 gallons per sq. ft. covered. For the 
small Hendrik type the maximum 15 
about 120 gallons рег sq. ft. covered. 
This is due largely to the great height given 
to the big units ,which induces a powerful 
draught. While the height of Hendrik 
type is only 65 ft., Coventry approaches 
I 30 ft., and Birmingham exceeds 200 ft. 
Reinforced Concrete Towers at 
Liverpool. 

The reinforced concrete towers illus- 
trated are the first built for the Liverpool 
Corporation on the Mouchel-Hennebique 


REINFORCED CONCRETE COOLING TOWERS. 


system as the first part of a scheme 
including the construction of twelve 
cooling towers. Each tower is 122 ft. біп. 
high measured from the bottom of the 
cooling pond beneath it, and 130 ft. high 
from foundation level, the diameter 
being Ioo ft. at ground level and 107 ft. 
5 in. at foundation level. The lightness 
of the shell is evident from the section, 
the wall being 12 in. thick at the base, 
progressively reduced to 74 in. and 5 in. 
in the lower half, the upper half being 
only 41 in. thick. The lower part of 
the tower encloses a cooling pond with 
a water depth of 5 ft. 6 in., and connected 
with this are discharge ducts with sumps 
and manholes, the ducts leading to a 
general suction culvert. Reinforced con- 
crete supports are provided for the inlet 
main, of 28 in. internal diameter, and for 
the timber cooling stacks, 

The inlet pipe is brought to the centre 
of the tower, where it bends up and 
discharges through a funnel inverted 
conical shape (thus reducing the speed of 
the water at the point of discharge). At 
the top of the cooling stack eight radiating 
troughs carry the water towards the shell, 
and in their turn feed eleven subsidiary 
gutters. Along the length of the latter 
are distributed spray nozzles which dis- 
charge the water on earthenware saucers 
fixed some 18 in. lower down. The shape 
of these is such that the splashing water 
is transformed into a fine spray; the 
drops of water fall from lath to lath down 
into the pond. 

The design for the towers of Leicester 
Power Station shows an advance in cool- 
ing efficiency upon that of the above 
described Liverpool towers. With 
approximately the same diameter at 
ground level, but with a slightly greater 
height, each of the towers is designed to 
cool continuously 700,000 g.p.h. from 
88 deg. to 75 deg. when the wet bulb 
temperature of the air is 55 deg. There 
will be ultimately eight towers to deal 
with over 5,500,000 g.p.h. 
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DATA FOR PRICING REINFORCED CONCRETE. CONCDETE 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. $. d. 


Best Washed Sand . . . . . . . . peryard 16 o 
Clean Shingle, 1 in. mesh š : 5 . : : 22 14 0 
л - 1 in. mesh . : : . š . š : К 15 6 
Thames ballast. : . 5 š 1 : . . : n 10 6 
Broken brick (2 in.) š : š : қ a 11 6 
Best British Portland Cement (delivered London area). . per ton 58s. to 63 6 
Rapid-Hardening Portland Cement . : delivered London 105. per ton extra 
* Super-Cement ” . . . . per ton 885. to 93 o 
“ Lightning ’’ Brand Aluminous Cement А А : 5 * 1005, to 105 6 
Ciment Fondu š . . | . . . . works f.o.r. 95 0 
BOARDING FOR SHUTTERING— S ipn. Wrot. 
s. d. 5. 4. 
rin . . . . . . . . . per square 23 6 27 6 
іріп. . š ° . . . . : è > 29 6 33 6 
I} in. . . . . қу 35 6 41 0 
SAWN TIMBER FOR STRUTS AND SUPPORIS— 

3 in. by 4 in. : . . : . . from {22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . : š . . وو‎ £20 » 54 
MILD STEEL RODS FOR REINFORCEMENT— s. d. 
in. to 2$ in. Rounds . . . . . . . . percwt. 10 6 
in. to 4 in. Rounds . . . . . . . . j 10 9 
1 in. Rounds I : Я I : А š қ ә a її O 
1 in. Rounds . . . . . . 12 0 


Breeze Slabs per yd. super: 2 in., 1/11; 2] in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PoRTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . . 5 . : . per foot cube D II 
Do. do. in columns š š š : Š қ z; " 2 I 
Do. do. in beams. š қ қ : ç эр s 2 3 
Do. do. in floor slabs 4 in. thick . . . . рег yard super 6 o 
Do. do. in floor slabs 5 in. thick. . 5 5 ” 9 7 6 
Do. do. in floor slabs 6 in. thick . š : . is T 9 о 
г. 40. in floor slabs 7 in. thick. : : 5 " i о 6 

do. in walls 6 in. thick. : š 8 8 
(Add 2. hoisting 3s. 6d. per yard cube above ground- -floor level. Add for r Ferrocrete” 
15. 10d. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5, 4. 
From $ in. to § in. è 1 . . : à . . percwt. 22 6 
л Ж in. to $ in. : š š қ š š Я š 2: 21 6 
1 in. to 21 in. 20 6 


EXTRA LABOUR TO BENDS in iin. rods, 44; jin. rods, id.; kin. ' rods, 114. ; 
8-1. rods, 14d. ; $-in. rods, 114., j-in. rods, 2d.; тір. rods, 24d. ; 14-11. rods, 
3d. ; 1j-in. rods, 34d. ; 1j-in. rods, 44d.; 1}-in. ga 64. (per bend per cwt.). 


EXTRA LABOUR TO HOOK BENDS: }in., ; $in., 24.; 4 in., 244.: фа. 
3d.; Bin.,34d.; țin., 4d.; 1 in., 44d. ; 1$ in., 2 ; 11 in., 74. (рег bend per cwt.). 
SHUTTERING— s. d. 


Shuttering and Supports for Concrete Walls (both sides measured) per square 59 0 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 

Io ft. high : à : . . per square 55 9 

Do. do. in small quantities Ы . . рег ft. super 010 
ShutteringandSupportsto Stanchions for easy removal, average 18 in. by 18 in. 

per ft. super 0114 

Do. do. as last, in narrow widths. : 227122 I Iĝ 


Do. do. to sides and зо {$ of beams average gin. by I2in. , ,, 1 dj 

Do. do. as last, in narrow widths. à فا‎ 1 34 
Raking, cutting, and waste to shuttering . : . : рег ft. гип 0 3 
Labour, splay on ditto . ; йы oa 
Small angle fillets fixed tointernal anglesof shuttering toform chamfer,, 4.1.9 3 


WAGES.—The rates of wages on which the above prices are based are:—dCarpenters 
and joiners, 1/93 per hour; Carpenters working on old shuttering, 1/10j ; Labourers 
on building works, 1/44; Men оп mixers and hoists, 1/54; Bar-benders, 1/5. 


(° This Data is specially compiled for Concrete and Constructional Enginsering, and is strictly copyright.) 
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Prospective New 


ABRAM.—Houses.—A site has been 
purchased on which to erect 50 houses. 

ALREWAS.—Bridge.—The Staffs. C.C. 
proposes to erect a bridge over the 
Trent and Mersey Canal at Alrewas. 
The cost is estimated at £4,500. 

BECONTREE. — Houses. — The L.C.C. 
proposes to erect 2,221 houses on the 
Becontree estate, at an estimated cost 
of £1,270,000. 

BEDLINGTON. — Concrete Bridge. — A 
reinforced concrete bridge is to be con- 
structed over the river, at an estimated 
cost of £2,000. 

BEESTON.—Houses.—The U.D.C. has 
applied for sanction to borrow £18,000 
for the erection of 42 houses. 

BETHESDA. — Concrete Houses. — The 
U.D.C. is considering a scheme for the 
erection of concrete houses to cost £380 
each. 

BouRNE.—Road.—The U.D.C. has 
authorised the Surveyor to prepare plans 
for the construction of a road from 
Twenty Station to Tongue End. 

BRENCHLEY.—Reservoir.—A reservoir 
of a 500,000-gallon capacity is to be 
constructed at Brenchley for the South 
Kent Water Co. 

BRIDGNORTH.—Road.—The Salop C.C. 
and the Cleobury Mortimer R.D.C. are 
considering a scheme for the construc- 
tion of a road from Bridgnorth to Highley 
Police Station. The cost is estimated at 
£27,500. : 

BRIDGWATER.—Groynes.—The Somer- 
set Drainage Commissioners propose to 
spend £500 on the construction of groynes 
at Bridgwater. 

BRIGHTON.—Houses.—The T.C. is con- 
sidering the erection of 184 houses on 
the North Moulescombe estate, at an 
estimated cost of £101,200. 

BRISTOL.—Concrete Culvert.—The Cor- 
poration has applied for sanction to 
borrow {8,300 for the construction of a 
reinforced concrete culvert from Zetland 
Road to Cheltenham Lane. 

CAHERCIVEEN.—Bridge.—The ` Kerry 
C.C. has applied for sanction to borrow 
16,375 for the construction of Caher- 
civeen Bridge. 

CALDERVALE.—B»idge.—The Lanark- 
shire Western District Committee recom- 
mends the construction of a footbridge 
over the River Calder at Caldervale. 
The cost is estimated at /200. 


PROSPECTIVE NEW CONCRETE WORK. 


Concrete Work. 


CARDIFF.—Roads.—A conference is to 
be held to consider a proposal to construct 
seven roads at an estimated cost of 
£766,191. 

CARMARTHEN.—Bridge.—A scheme is 
being considered for the provision of a 
high-level bridge over the Towy. 

CHESTER.—Bridge.—The Corporation 
Improvement Committee’s town-planning 
scheme includes a proposal to construct 
a bridge in the Saughall Road district. 

CHISWICK (LONDON).—Concrete Paving. 
—The Brentford and Chiswick U.D.C. 
proposes to spend £366 оп concrete 
paving in the High Road. 

CHURCH Bay.—Pter Works.—The An- 
trim C.C. proposes to reconstruct the 
Pier at Church Bay, Rathlin Island, at an 
estimated cost of £3,000. 

CorcHESTER.—Road.—Plans for the 
provision of a road from Cambridge 
Road to Maldon Road are being con- 
sidered by the T.C. 

CUSHENDUN.—Road.—The Antrim C.C. 
is considering a scheme to construct a 
road seven miles in length from Cushen- 
dun to Ballycastle. The cost is estimated 
at /35,200. 

DUNBLANE.—Bridge.—The Perthshire 
С.С. proposes to spend {1,500 on the 
construction of a bridge over the River 
Allan at Dunblane. 

DUNDEE.—Road.—A road is to be con- 
structed from Dudhope Terrace to Lochee 
Road at an estimated cost of £10,000. 

DREWSTEIGNTON.—Road.—The Oke- 
hampton (Devon) R.D.C. is considering 
a proposal to construct a road from 
Drewsteignton to Fingle Bridge. 

EASINGTON.—Houses.—The R.D.C. has 
applied for sanction to build 50 houses. 

EASTBOURNE.—Houses.—The Housing 
Committee is considering a proposal to 
erect 500 houses. 

EDINBURGH.—Fier, etc.—Application 
has been made for permission to borrow 
£136,000 for the construction of an 
aqueduct in connection with the Porto- 
bello Electricity Station; а reinforced 
concrete pier at Portobello; and a mass 
concrete wall for enclosing part of the 
foreshore for use as open-air baths, etc. 

FINNIESTON.—Bridge.—The Glasgow 
T.C.’s scheme for the construction of a 
bridge over the Clyde at Finnieston has 
been approved by the Commissioners. 
The cost is estimated at /1,000,000. 
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PROSPECTIVE NEW CONCRETE WORK. 


FLEETWOOD. — Sea Wall, etc. — The 
U.D.C. is promoting a Bill in Parliament 
providing for the construction of a sea 
wall, groynes, and a marine lake on the 
foreshore. The scheme is estimated to 
cost £55,000. 

GLANAMMAN. — Bridge. — The Gelly- 
ceidrim Colliery Co. propose to erect a 
bridge over the main road at Glanam- 
man. 

GRANGEMOUTH.—Houses.— The 
proposes to build 60 houses. 

HEMPNALL. — Concrete Bridge. — The 
C.C. has notified the Depwade R.D.C. 
that it has agreed to construct a reinforced 
concrete bridge over the ford at Hemp- 
nall. The cost is estimated at /790. 

Нил, НЕАр.-5еа Defence Work.— 
The Fareham R.D.C. is seeking permission 
to borrow £2,708 for sea defence work at 
Hill Head. 

HUDDERSFIELD.—Road.—The High- 
ways Committee has approved a proposal 
to construct an arterial road from 
Northayte into Wakefield Road. 

INVERLOCHY.—Concrete Bridge.—The 
Inverness-shire C.C. is considering a 
proposal to spend £30,000 on the con- 
struction of a reinforced concrete bridge 
over the river Lochy near Inverlochy. 

INVERNESS.—Houses.—The T.C. pro- 
poses to build roo houses. 

JOHNSTONE.—Houses.—The T.C. is 
considering a scheme for the erection of 
44 houses. 

LowrsTorr.—Sea Defence Work.—The 
T.C. has applied for sanction to borrow 
{2,242 for the construction of а sheet- 
piled concrete wall near the Victoria 
bathing chalets. 

MaxissA.— Bridges.—The Llandovery 
R.D.C. has instructed the Engineer to 
prepare plans for the construction of 
bridges at Maeissa апа Aberbranddu. 

AMaAENCLOCHOG.—Bridges.—lhe Pem- 
brokeshire С.С. has approached the 
Narberth R.D.C. with a view to providing 
bridges over the streams in the parish of 
Maenclochog. 

MAGHERY, Co. ARMAGH.—Bridge.—A 
proposal is being considered for the 
erection of a bridge over the river Black- 
water at Maghery Ferrv. 

MELTON.— Retaining Wall.—The High- 
ways Committee of the Leicestershire 
С.С. recommends the construction of a 
retaining wall at Nottingham Road, 
Melton. The cost is estimated at £815. 


Т.С. 
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MEPAL.—Bridge.—The Ouse Drainage 
Board has notified the Isle of Ely CC. 
that it is prepared to contribute /1,000 
towards the cost of constructing a bridge 
at Mepal. 

MirNRow.—Houses.—The U.DC. has 
decided to erect 3o houses at Two 
Bridges, Newhey. 

MoNTROSE.— Concrete Bridge.—The 
Montrose T.C. and the Forfar County 
Road Board recommend the construction 
of a reinforced concrete bridge over the 
river Esk. The cost is estimated at 
473.350. 

MUSSELBURGH. — Houses. — The T C. 
proposes to build 52 houses on the 
Monktonhall housing site. 

NEewRY.—Bridge.—The U.D.C. is ne- 
gotiating with the Port and Harbour 
Trust with a view to replacing Godfrey 
Bridge. 

NEYLAND.— Jetty.—The Pembrokeshire 
Main Roads Committee has appointed a 
sub-committee to inquire into a proposal 
to construct a jetty at Neyland. 

NUNEATON.—Houses.—The Architect 
has received instructions to prepare plans 
for the erection of 80 houses. 

PENMAENMAWR.—Concrete — Houses.— 
The U.D.C. has decided to build 36 con- 
crete houses. 

PONTEFRACT.—Concrete Water Tower.— 
The Corporation proposes to spend 
£3,300 on the construction of a reinforced 
concrete water tower. 

PooLeE.—Concrete Road.—The Т.С. pro- 
poses to spend /5,000 on reconstructing 
Banks Road in reinforced concrete. 

RackKMiLL.—Concrete Bridge.—The 
M.T. has recommended the Clackmannan 
C.C. to construct a reinforced concrete 
bridge at Rackmill. 

RAMsGATE.— Bridge.—4A bridge is to be 
constructed at the Lord of the Manor 


crossing. The cost is estimated at 
£106,000. 
ROCHESTER. — Houses. — Application 


has been made for sanction to borrow 
£36.474 for the erection of houses on the 
Maidstone Road site. 

Ross.—Houses.—The U.D.C. is con- 
sidering a scheme for the erecti n of 
ТОО houses. 

SEDGEFIELD.— Water Storage Tank.— 
The R.D.C. has been recommended to 
construct a water storage tank, estimated 
to cost £1,200. 


SHIREHAMPTON.—Houses.—The Bristol 
City Council proposes to erect 200 houses 
by direct labour. The cost is estimated 
at /86,000. 

SIDMOUTH.—Groynes.—A scheme for 
the construction of groynes for the pro- 
tection of the sea front is being considered 
by the Sidmouth U.D.C. 

SMETHWICK.—Houses.—The Corpora- 
tion is seeking permission to borrow 
{26,634 for the construction of 64 houses 
in Alexandra Road. 

SOUTHWOLD.—Groynes.—The Т.С. is 
seeking permission to borrow /4,000 for 
the construction of groynes. 

STIRLINGSHIRE.—Houses.—The East- 
ern District Committee of the C.C. has 
approved a scheme for the construction 
of 212 houses. The cost is estimated at 
£95,400. 

STONELEIGH.—Bridge.—The Warwick- 
shire C.C. has applied to the M.T. for a 
grant towards the construction of a 
bridge on the Stoneleigh to Leamington 
Road. Тһе cost is estimated at 
£14,500. 

THORNTON.—Groynes.—The U.D.C. is 
seeking permission to borrow {1,000 for 
the construction of groynes on the fore- 
shore. 

WALLSEND.—Houses.—Application has 
been made for sanction to borrow 
£50,280 for the construction of houses 
and street works. 

Wixpsor.—Houses.—Application has 
been made for sanction to borrow 
£19,084 for the erection of 52 houses in 
Dedworth Road. 

WREXHAM. — Houses. — Тһе R.D.C. 
proposes to erect 328 houses in the rural 
area. 

UTTOXETER.—Concrete Swimming Bath. 
—The U.D.C. has decided to construct 
a reinforced concrete open-air swimming 
bath to hold 225,000 gallons. 


SITUATIONS VACANT. 
REINFORCED Concrete Designers (two) required, 
with specialist training. Applications stating 
age, experience and salary required, to Box 1270 
CONCRETE AND CONSTRUCTIONAL ENGINEERING, 20 
Dartmouth Street, Westminster, S.W.1. 


REINFORCED Concrete Designer and Estimator. 

Must be first-class man with specialized know- 
ledge of all branches. Apply in confidence giving 
fullest details of experience and state salary required. 


Box No. 1271, CONCRETE AND CONSTRUCTIONAL 
ENGINEERING, 20 Dartmouth Street, Westminster, 
S.W 1. 


° BROAD ST. PLACE, 


. English and metric markings, all Archi- 


PROSPECTIVE NEW CONCRETE WORK. 


DUCKHAMS 


CONCRETE 


MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM Ж Co, Ltd. | 


| 


LONDON, Е.С.2 


“WATSON RULES” 


For the Convenience of All 
who Design and Construct. 


می موک 


The Watson rustless steel folding rule, 
which is two feet long and made to fit 
a vest pocket, measures when closed 
only 48” x 3” x Ү, but contains every 
measure and scale ever required ; 


tects' scales, 10, 20, 30, 40 and 50 feet 


to | inch, Ordnance scales, Protractor 


markings on central joint. Price 8/6 
post free in pigskin case. Cash refunded 
if not approved. 


WATSON RULES, 


18, Erlanger Road, 
LONDON, S.E.14. 
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TENDERS ACCEPTED. 


Tenders Accepted. 


ACTON (LONDON).—Concrete Footpaths. 
—The T.C. has accepted the tender of 
Mr. H. Morecroft, Acton, at £387, for 
paving Winchester Street with cast 
stone. Other tenders submitted: F. 
Jackson, £382; A. C. Valley, £404; 
G. Wimpey & Co., Ltd., £406; J. Mow- 
lem & Co., Ltd., £417; Mears Bros., 
£453; E. J. Harris & Co., Ltd., £473. 

ANTRIM.—Concrete Roads.—The County 
Council has accepted the tender of Mr. 
J. Graham, at (42,112, for constructing 
in reinforced concrete the following 
roads :—Lisburn to Lurgan; Belfast to 
Antrim; Antrim to Ballymena; Bally- 
money to Coleraine. 

BRIMSCOMBE.—Bridge.—The Stroud 
R.D.C. has accepted the tender of Messrs. 
Orchard & Peer, at £517 10s., for the 
construction of a steel and concrete bridge. 

DOLGELLY.—Concrete Road.—The Mer- 
ioneth C.C. has accepted the tender of 
Messrs. Davies Bros., Barmouth, at 
£11,068, for improving, strengthening 
and resurfacing with concrete about 
1} miles of Talyllyn Road between Dol- 
gelly and Machynlleth. Other tenders 
submitted: W. P. Taylor & Co., Ltd., 
£11,252; James Byrom, Ltd., £11,355 ; 
H. Coxhead & Co., Ltd., £11,373; C. L. 
Warren, £11,484; Whitley Bros., £11,543; 
Fothergill Bros., (11,820, А. Blair, 
Lyell & Co., Ltd., £12,089 ; M. Harrison 
& Co., Ltd., £12,324; S. & J. Smethurst, 
Ltd., £12,895; W. Turner (Ardwick), 
Ltd., £13,199; Walker-Weston Co., Ltd., 
£13,400; Sir W. Prescott & Sons, Ltd., 
£14,066; J. Morgan, £14,134; A. E. 
Farr, £14,804; Hobrough & Co., Ltd., 
£19,087. | 


DuUNDEE.—Concrete Piling.—The Т.С. 
has accepted the tender of the Yorkshire 
Hennebique Contracting Co., Ltd., at 
£822, for concrete piling work at Carolina 
Port. 

GRAVESEND.—Concrete Houses.—The 
T.C. has accepted the tender of Mr. Jesse 
Clements, at £48,470, for the construc- 
tion of 114 concrete houses. 

HEMSWORTH.—Concrete Fencing.—The 
R.D.C. has accepted the tender of the 
Housing Corporation of Great Britain, 
Ltd., at £3,040, for the construction of 
reinforced concrete fence posts for the 
Council's housing schemes. 

METHAM (YORKS).—Outfall.—The East 
Riding C.C. has accepted the tender oí 
Messrs. H. Connell & Son, Selby, at 4065. 
for the construction of a concrete tube 
outfall on a piled foundation. 

PAIsLEY.—Concrete Bridge.—The T.C. 
has recommended for acceptance the 
tender of Messrs. Gray's Ferro-Concrete 
Co., Ltd., at £11,000, for the construction 
of a reinforced concrete bridge over the 
river Cart. 

ROTHERHAM.—Bridge.—The Т.С. has 
accepted the tender of the Yorkshire 
Hennebique Contracting Co., Ltd. at 
£58,600, for the reconstruction of Chantry 


Bridge. 
SOUTHSEA COMMON.—Concrete Вані- 
stand.—The Portsmouth Т.С. has 


accepted the tender of Messrs. Sadler 
& Co., Dollis Hill, at £939, for the con- 
struction of a reinforced concrete band- 
stand. Other tenders submitted: Tan- 
ner Bros, Southsea, £1,518; Frank 
Bevis, Ltd., £1,250; Е. & A. Spriggins, 
Portsmouth, £1,138. 


Suspended Ceilings.—The simplification of their construction by modem 
invention has brought the suspended ceiling into increasing popularity amongst 
architects. The method in general use is to suspend the ceiling from the floor or 
roof above by means of steel hangers, which are embedded in the floor and may be ot 
any length. These hangers may also vary in length when a vaulted ceiling is required. 
For those interested in this type of construction the Self-Sentering Expanded Metal 
Co., Ltd., of 112, Cannon Street, London, E.C.4, have issued a booklet fully describing 
and illustrating the system adopted on a number of important new buildings, including 
churches, cinemas, dance halls, stores and railway stations. In this system the steel 
hangers are connected by a framework of steel rods, to which the firm's well-known 
expanded mesh steel reinforcement is attached to give the desired shape to the ceiling; 
this mesh is supplied in various gauges according to the spacing of the runners. The 
ceiling is finished by plastering with Portland cement plaster. The booklet referred 
to gives working drawings showing the method of construction as used on actual 
buildings, and fully describes the method of construction and the best method 0! 
plastering ; copies will be sent post free to readers mentioning this journal. 
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EDITORIAL NOTES. 


Concrete Architecture. 


For the past thirty vears architects and engineers have been confronted with 
the problem of evolving a definite style of architecture for concrete. The prob- 
lem, it is true, is one of their own making, but to be able to design a building 
in concrete that will be unmistakably concrete, that the passer-by will recognise 
as concrete because of its form, is a legitimate aspiration. Steel has passed, and is 
still passing, through the same stage of evolutionin design. The architect feels 
that when he uses a steel frame as the structural basis of his building that fact 
should be expressed in his elevations, and be obvious to the man in the street. 
To a certain extent he has succeeded, for in spite of its covering of brick or stone 
a steel-frame building can generally be recognised by the slenderness of its 
columns and the size of the spans, often over large areas of plate-glass windows. 
The great advantage of steel in building is that it allows of slender members 
carrying great weight, with consequent economies in floor space and materials. 
Thus its slenderness is the principal characteristic of steel compared with other 
building materials, and logically the thinner the members ina steel frame building 
the more truly the elevation expresses the material of which it is constructed. 
We see this carried to extremes in a few factory buildings, of the ‘ daylight " 
type, with very thin columns and girders and a maximum of window space. But 
although it is generally agreed that this type of building expresses both its 
function and the material of which it is made and may therefore be good 
architecture, the same design would be totally unsuited for a monumental building 
ora block of offices. Therefore the steel skeleton is covered with stone or brick 
until it approximates in size to a frame-work that would be structurally sound 
if it were built of solid stone or brick and the steel omitted altogether. 

In reinforced concrete almost the same factors are seen to affect design. 
The members of a reinforced concrete frame that give maximum economy 
need be hardly any larger than in the case of a steel frame building. Buildings 
with such thin members have been built, and criticised architecturally because 
of their “ thin and skimpy " appearance. In both steel and reinforced concrete 
the architect has to find the happy medium between the thin members that 
stand for economy and the heavier members that, beyond the covering necessary 
for fireproofing, add to cost without increasing the strength or durabilitv of 
the building. It seems that the advent of these new materials has forced the 
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architect into the position of adding structurally unnecessary materials in order 
to produce a building that will appear structurally sound. If he makes use of 
the strength of modern materials and gives the building owner the large un- 
broken window space he desires by spanning a large sheet of plate-glass he is 
criticised on the ground that, however strong the construction may be in fact, 
it does not look strong. If he break up the window space with columns that 
add to the cost unnecessarily so far as structural soundness is concerned, he pro- 
duces a building that looks strong, but only by putting the owner to unneces- 
sary expense and, presumably, against his own conscience when he realises that 
he is wasting materials. It seems the only rational way to look at the problem 
is a frank realisation of the fact that hanging stone to a steel or reinforced concrete 
frame is simply decoration added to conform to tradition as to what is good 
proportion in other materials, and to consider the extra cost amongst the 
“ trimmings.” 

These thoughts are prompted by the publication of a sumptuous volume 
entitled “ Architectural Design in Concrete,” * which is, we believe, the first 
published record on a large scale of examples of reinforced concrete design from 
all over the world. The book contains 1oo plates in half-tone, and the subjects 
range from working-class cottages to American skyscrapers. A study of these 
plates is of very great interest, but they do not seem to take us much farther 
in the solution of the problem, What is a suitable style for reinforced concrete ? 
The buildings illustrated, with the exception of two or three, could have been 
built in any other material so far as appearance is concerned. We are shown 
skyscrapers and office blocks that have their counterparts elsewhere in steel 
frame ; there are schools and other buildings of classic design that we can hardly 
believe are concrete so stone-like do they look; traceried windows that might 
have been of stone if funds had not been limited ; we see big industrial structures, 
with large blank wall spaces, that remind us of ancient Egyptian buildings. 
or our own Martello Towers, built of brick ; houses that cannot be distinguished 
from stuccoed brick. A style that truly expresses a new material should not 
remind us of anything that has been done before in another material; it should 
express itself, so that one would without hesitation say, “ That is a reinforced 
concrete building." The two or three exceptions referred to can only be classed 
as freak buildings, such as a restaurant in Germany built over an old fort with 
a huge cantilevered upper story. 

This collection of photographs, in our opinion, proves two things. The 
first is that so far there is no sign of a definite and unmistakable '' concrete 
style," and second that reinforced concrete may without hesitation be used for 
any type of building and in any style. They prove that in reinforced concrete 
we have a material of such versatility that it can be used in place of any other 
building material or combination of materials. With natural stone aggregate 
and ordinary methods of tooling it is indistinguishable from the stone of which 
it is made. It may be stuccoed like brickwork, or colour washed. Even com- 
mon aggregate may be used and afterwards exposed to give an attractive and 
multi-coloured surface of any colour or texture according to the aggregate selected. 


* © Architectural Design in Concrete." Ву T. P. Bennett, F.R.I.B.A., with 
photographs by Е. R. Yerbury. (London: Benn Brothers, Ltd. Price 305. net.) 


410 


ЕНЕР —————————ÁÓÓÓÁ ——— _ аЬ НЕИН (IA €———HH NTE 


CONCRETE ARCHITECTURE, 


УУМ 111111171171177177777777/7777 
` ; ^ V N 1 A Log | k і ы | | 


f F E 
| f f / / ЖЭТ / / 
Е (33 г Р ы нез, Ч 
г Кйшй. эй. Sh йз 


From “ Architectural Design in Concrete." 


Interior of a Factory Building at Paris. MM. A. & G. Peret, Architects, 


The photographs are prefaced by some notes which hardly do justice to 
the subject. For instance, methods of surface treatment are dealt with at 
some length, but no mention is made of the bush-hammer, or the use of coloured 
cements. Crazing of cast stone is referred to, and it is stated that “a thin coat 
of stucco or roughcast will probably overcome the difficulty " ; far better to 
use a fairly lean mix for the face, properly grade the sand, be sparing with the 
water content, pay attention to curing, and thus prevent crazing, as it can be 
prevented. 

We hope the volume will reach the hands of every architect, so that the 
extent to which reinforced concrete is being used, and the diversity of its 
applications, will be thoroughly realised. 


Concrete Bridges and /Esthetics. 


IN view of the present suggestion that at least one of the new bridges to be built 
across the Thames should be in reinforced concrete, the following remarks of Col. 
Ashley, the Minister of Transport, made in the House of Commons, are worth 
putting on record. He said: ‘‘ On the question of new bridges, I am very anxious, 
extremely anxious, that in 200 years' time our descendants shall not make 
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From “ Architectural Design im Concrete.” 
The Einstein Tower, Potsdam. Erich Mendelsohn, Architect. (See р. 409). 
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disparaging remarks of the bridges we have built during these few years. We 
have had some extraordinarily fine bridges handed down to us, and it is up to 
us to see that the next generation has bridges worthy of us. Anyone who has 
been to Berwick-on-Tweed will see a fine bridge rising there of reinforced con- 
crete, with a span of 365 ft., the biggest concrete span in the country, which will 
be opened in November or December, and which will be a landmark, and a beauti- 
ful landmark, across the river which divides England and Scotland." This 
opinion on the suitability of concrete for the construction of important bridges 
gives official backing to the recent statements of Mr. H. V. Lanchester, F. R.I.B.A., 
and other architects at the Royal Institute of British Architects recently, when the 
asthetic value of concrete for bridges was stressed. 


Supplying Ready-Mixed Concrete. 


WE have previously referred to the experiment started in the United States 
two or three years ago of supplying ready-mixed concrete from a central mixing 
plant. It was found possible to haul the concrete by lorry for distances up to 
forty miles with satisfactory results, and after a few experimental stations had 
been set up there was sufficient demand from local contractors to justify extend- 
ing the idea. The concrete was principally used on road works, and by con- 
tractors who found it more convenient or cheaper to buy concrete ready mixed 
rather than instal their own mixing plant. 

The success achieved by one of these ready-mixed concrete depots is shown 
by the published figures relating to a plant at Birmingham, Alabama. The 
plant commenced operating in 1924. During 1925 the output was 70,000 cubic 
yards of mixed concrete. Іп 1926 it increased to 100,000 cubic yards; in one 
day last year 814 cubic yards of mixed concrete was supplied from this plant. 
The plant makes use of two mixers, one of I-cubic yard capacity and one of 
2-cubic yards capacity. Two standard mixes are supplied, and any propor- 
tioning or special aggregates are mixed to order. The average length of haul 
15 about 9 miles from the plant, and it is stated that no appreciable segregation 
of the material has been noticed, although this is probably due to the fact that 
slag, which is nearly equal in weight to sand and cement, is generally used. 


We EL that other of these ready-mixed concrete depots are doing equally 
as well, 
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BRIDGE AT KIRKCUDBRIGHT. 


Reinforced Concrete Bridge at Kirkcudbright. 


By CHARLES V. WOLFF, B.Sc. 


SHORTLY after the opening of the railway 
to Kirkcudbright, in the middle of last 
century, a bridge was constructed across 
the estuary of the river Dee to link up the 
town with the large agricultural district 
lying to its north and west. This bridge, 
which was opened in 1868, was of a very 
light form of construction, although quite 
strong enough to carry the traffic of those 
times. It consisted of six iron bow- 
string spans, the supporting piers each 
consisting of two groups of four cast-iron 
pillars screwed into the bed of the river. 
One of the centre spans was mounted at 
its centre on a large cylindrical pier, on 
which it could be swung so as to permit 
of trafhc passing up and down the river. 
Actually, however, this opening span was 
never used in that manner, being kept 
permanently closed. 

Of late years this bridge, like so many 
others up and down the country, had 
become altogether inadequate in strength 
for the purpose of carrying the heavy 
motor traffic and the rapidly increasing 
weight of the vehicles using it. As a 
consequence in 1921 the Southern Dis- 
trict Committee of the Stewartry of 
Kirkcudbright approached the Ministry 
of Transport on the question of holding 
an inquiry with a view to the restriction 
of traffic on the bridge. As a result the 
Ministry, in 1922, granted the restriction 
to a 2-ton axle load, and recommended 
the construction of a new bridge within 
a period of three years. 

After considering various schemes for 
a new bridge, both in steel and reinforced 
concrete, the Committee early in 1924 
decided to adopt a scheme for a rein- 
forced concrete bridge of five equal bow- 
string girder spans. 115 type of bridge 
was called for by the fact that at high 
water (ordinary spring tides) there is only 
a headroom of about 5 ft. under the 
soffits of the bowstring girders, and about 
7 ft. 6 in. between high water and road 
levels. 

The general particulars of the new 
reinforced concrete bridge are shown in 
Figs. 3 and 4. The length of each of the 
spans is approximately 88 ft. 9 in. 
measured between the centres of the 
piers; the total length between the 
centres of the abutment piers is 444 ft., 


and the total length over the approach 
retaining walls 511 ft. The bridge is 
26 ft. 6 in. wide between the bowstring 
girders, with a carriageway 20 ft. wide, 
and a footpath 5 ft. wide on the down- 
stream side of the bridge. The roadway 
is level over the whole length of the 
bridge, and at the centre of the stream is 
about 42 ft. above the river bed. 

Bore holes, sunk before the commence- 
ment of constructional operations, showed 
the river bed to consist of soft sandy mud 
or siltfor a depth of about 4 ft. in the centre 
of the river and as much as 25 ft. at the 
sides. Below this there is a bed of very 
soft blue clay and then a bed of hard 
bound gravel varying from 4 ft. to 7 ft. 
thick. Underneath this bed is a fine 
reddish clay which extends to a depth of 
over 70 ft, at which level the borings 
ceased. 

A consideration of the nature of these 
underlying strata, as revealed by the 
borings, seemed to indicate that it might 
be practicable to adopt a system of rein- 
forced concrete piles, driven in groups, for 
the foundations to the abutments and 
river piers. A scheme was accordingly 
prepared on these lines, and the contract 
for the work was let to Messrs. John 
Angus & Sons, of Edinburgh, in r924. 
Work was immediately commenced by 
the driving of trial piles. 

It soon became evident from the results 
of the driving of these trial piles that, 
contrary to expectation, it would be 
impossible to rely on piles for the purpose 
of carrying any appreciable load, as those 
which were driven penetrated to a great 
depth without showing any signs of 
reaching the requisite set. 

In preference to the alternative of 
using a very large number of piles—a 
solution which would have involved 
great expense not only for the piling 
work but also in the construction of 
suitable pier bases—it was decided to 
re-design the foundations both to the 
abutments and the river piers, adopting 
foundations of the raft type to distribute 
the load at a moderate rate over a large 
area. 

The rafts under the abutments are 
38 ft. by 12 ft. in plan, each being 
anchored by eight r4-in. by 14-in. rein- 
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Fig. 2.—Reinforced Concrete Bridge at Kirkcudbright 
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forced concrete piles. They rest at a 
level about 20 ft. below road Ievel.. 
These rafts are of stab and beam con- 
struction. The load Нот the end 
columns, which carry the bowstring 
girders, is distributed over the raft by 
means of the abutment curtain wall, the 
lower portion of which acts as an im- 
mensely stiff vertical beam, in addition 
to retaining the filling behind it. This 
part of the curtain wall is 10 in. thick 
and stiffened by large counterforts which 
distribute the load through beams to the 
raft slab, which is 8 in. thick. 

The rafts supporting the river piers 
are each 45 ft. by 15 ft., and are solid 
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slabs of concrete of a uniform thickness 
of 3 ft. 6 in., this simple form of con- 
struction being adopted as most suitable 
where the work had to be carried out in 
cofferdams. The rafts are heavily rein- 
forced, and each is anchored by fourteen 
14-in. by 14-in. reinforced concrete piles, 
with the exception of the first pier from 
the Kirkcudbright end of the bridge 
where such a good bottom was found on 
the bed of hard bound gravel that it was 
thought wnnecessary to provide this 
anchorage. 

From these rafts rise the columns, a 
pair of which form each of the piers. 
From their bases, where they are anchored 


— Cross SECTION — 
Fig. 3. 
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to the raft, up to a level about 20 ft. 
below road level, these columns are 
entirely independent. They are pear- 
shape in section, and measure 10 ft. in 
the direction of the stream by 8 ft. 4 in. 
in the transverse direction. At the level 
referred to, viz. 20 ft. below road level, 
they are connected by a strong horizontal 
bracing which is 48 in. deep by 18 in. 
wide. This part of the columns 1$ built 
up of pre-cast reinforced concrete shells, 
4 in. in thickness, and constructed in 
lengths convenient for handling. These 
shells were built up by adding successive 
rings to the requisite height, and the 
core filled with concrete hearting suitably 


reinforced. As may be seen from Fig. 3 
the columns are so disposed as to act as 
cutwaters both with an ebbing and a 
flowing tide. 

The whole of the work on the river pier 
rafts and the lower portion of the columns 
had to be carried out in cofferdams, which 
were constructed of steel sheet piling. 
Considerable difficulties had to be faced 
in the construction of these cofferdams, 
and subsequently in keeping them sufti- 
ciently watertight, owing to the great 
depth of water, which in the centre is as 
much as 35 ft. at high water, the tide 
having the great range, at ordinary spring 
tides, of 24 ft. 

lhe caps on the heads of the lower 
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portions of the columns are about 17 ft. 
below the soffit of the bowstring girders, 
or about midway between high- and low- 
water levels. From them rise the tapered 
columns which carry the bowstring bear- 
ings. These columns are pentagonal in 
section, so as to act as cutwaters, their 
overall size tapering from 7 ft. by 6 ft. 
at the base to 5 ft. by 4 ft. 5 in. at the 
top, where a head is formed to receive 
the bearing plates for the bowstrings. 
Ihe two columns forming the upper part 
of the pier are not braced together in any 
way, although the bowstring spans them- 
selves act as ties at the top. 

Reference must be made to the special 


Fig. 4. —REINFORCED 


form of bearings used in the bridge. 
Each span of the bridge is an entirely 
separate unit, with bitumen expansion 
joints between each span, and between 
the end spans and the abutments; in 
addition, each bowstring girder rests on 
a cast-steel rocker expansion bearing at 
each end. The result is that any possible 
unequal settlement of the supports. and 
also expansions and contractions, can be 
taken up without damaging or straining 
any part of the superstructure or causing 
unsightly cracks to be produced. These 
bearings are illustrated by Fig. 5. which 
shows one of the bearings on the nver 
piers; those at the abutments follow a 
similar design. The lower massive bear- 
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ing plate is of cast steel and has a flat 
machined upper face, being bolted down 
on to the head of the pier column. The 
upper shoe has a machined cylindrical 
under surface which rests on the lower 
plate. This shoe is also of cast steel and 
is securely fastened to the end of the 
bowstring girder. These bearings, and 
also the joints between the spans, are 
masked from view by the pilasters placed 
over the piers. 

The bowstring girders have a span 
measured between the centres of the 
bearing shoes of approximately 86 ft. 
8 in., and a rise of 13 ft. 6 in. The 
bottom booms have a section 18 in. wide 
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headroom even if it were desirable ; such 
bracing is not required in this case, as 
the wind moments are fully provided for 
by the lateral stiffness of the vertical 
members, which are rigidly connected to 
the cross-beams of the decking. 

The roadway is formed of 2] in. of 
asphalte laid direct on the reinforced 
concrete decking, which is cambered on 
the upper surface only, being 64 in. thick 
at the sides and 8} in. thick at the centre 
of the roadway. This decking rests on 
longitudinal secondary beams (scantling 
5 in. by 15 in.) which in turn rest on the 
cross-beams (174 in. wide by 18 in. deep) 
spaced 11 ft. apart. The rather un- 
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by 36 in. deep, and are reinforced with 
20 bars 11-10. diameter. The top booms 
are 18 in. wide by 45 in. deep and are 
reinforced with 24 bars rj-in. diameter 
at the maximum section. The vertical 
members are spaced 11 ft. apart, and 
have a section of 7 in. by 18 in. reinforced 
with 4 bars іі-іп. diameter. These are 
attached to the ends of the cross-beams 
under the decking and act as suspension 
members to transmit the dead and live 
loads of the roadway to the arched top 
booms. 

There is no wind bracing provided 
between the top booms of the bow- 
strings, aS the small rise rendered this 
impossible from the point of view of 


economical proportions of these beams 
is due entirely to the fact that the avail- 
able constructional depth was extremely 
limited, the total permissible depth from 
sofht of main girders to upper surface of 
decking slab at the crown of the road 
being only 2 ft. 44 in. 

A pipe duct is formed under the foot- 
path, covered with pre-cast reinforced 
concrete slabs 4 in. thick, provided with 
a granolithic finish. The kerbs are also 
of concrete, monolithic with the deck- 
ing and provided with a granolithic 
wearing surface. The parapet both to 
bridge and approach walls is of rein- 
forced concrete of a pierced design. 

The approach walls at the ends of the 
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bridge are, for the most part, taken down 
to the same level ав the abutment founda- 
tions. They rest on large bases designed 
to give a small, and as far as possible 
uniform, load on the ground, and rein- 
forced concrete piles are used for anchor- 
age purposes. The curved walls at the 
extreme east end, having only a very 
small depth of filling to retain, are only 
taken down to a relatively small depth. 

The bridge occupies practically the 
same site as its predecessor, and the first 
operation carried out by the contractor 
was the removal of three spans of the 
iron bridge, following which heavy timber 
piles were driven to carry a temporary 
bridge and to support the staging for the 
new bridge. The removal of the cylinder 
which supported the opening span of the 
iron bridge caused considerable delay and 
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diffculty, but this was successfully 
floated out of position, the site being 
now occupied by one of the pier rafts. 

The work was completed towards the 
end of 1926, and the official tests carried 
out with trains of the heaviest available 
vehicles were extremely satisfactory, the 
deflections recorded under the severest 
possible conditions being very minute. 
The bridge was formally opened on 
November 19, 1926. The structure 5 
designed to carry the Ministry of Trans- 
port standard loading. 

The consulting engineers were Messrs. 
Blyth & Blyth of 135 George Street, 
Edinburgh ; the reinforced concrete work 
is to the designs of Messrs. L. G. Mouchel 
& Partners, Ltd., of 38 Victoria Street, 
Westminster; the contractors were 
Messrs. John Angus & Sons, of Edinburgh. 


Department of Scientific and Industrial Research. 


SIR RicHARD TETLEY GLAZEBROOK, K.C.B., F.R.S., has been appointed a member 
of the Advisory Council to the Committee of the Privy Council for Scientific and 


Industrial Research. 
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Messrs. Carreras’ New Factory, Mornington 
Crescent, London. 
LONDON’S LARGEST REINFORCED CONCRETE BUILDING. 
Ву УУ. L. SCOTT, M.Inst.C.E. 


Tuis building, which is being constructed for the manufacture of cigarettes, will 
contain machinery and other equipment of the most original and modern types. 
The structure itself will be entirely of reinforced concrete, including the main 
chimney shaft, and the architectural treatment is pre-eminently suited to this 
material. The elevations of the building are designed on an early Egyptian 
model treated conventionally to comply with modern requirements, and having 


Fig. 1.—General View of Ground Floor Construction, Looking South. 


as a central feature on the main frontage columns 5 ft. 3 in. diameter by 47 ft. 
high, with a large ornamental cornice, all formed with coloured concretes. 

The Company’s well-known “ Black Са!” trade mark led the architects to 
decide on erecting a building having early historic connections with the worship 
of the cat. Cats’ heads and other decorative features are incorporated in the 
design, all in concrete, some deposited in situ and some pre-cast. 

An inspection of the main elevation (Fig. 2) indicates that the building will 
have an artistic character entirely its own, and although the style is of archaic 
derivation it is fully indicative of its modern use. The proprietors decided to 
erect an ornamental building in order to conduce to the brightening of a some- 
what drab neighbourhood, and their kindly intentions have been developed on 
lines which should compare favourably with the most recent large City office 
buildings and the most up-to-date West End stores. No reinforced concrete 
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building with such extensive and detailed architectural treatment has before 
been attempted in this country, and very few abroad. 

The elevation fronting Hampstead Road is about 550 ft. long by 80 ft. high 
above pavement level. The main external faces of the building are rendered 
with white Portland cement and coloured sand giving a warm Eastern stone 
finish, the highly coloured work being introduced as main features and points 
of interest. 

As is well known, great precautions are very necessary if such rendering is 
to be without defect ; in fact, if carelessly done it is most unsightly, as is unfor- 
tunately evidenced by too many examples to be seen in London. In an endeavour 
to secure success, continuous experiments have been and are still being carried 
out, and it is hoped that a perfect result may be ultimately secured. 

A great many problems have inevitably arisen in a pioneer work such as 
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Fig. 3.—View of Floor Reinforcement. 


this. For example, the production of coloured concretes that will be permanent 
and will stand the test both of time and London atmosphere, as also the inser- 
tion or attachment of the pre-cast pieces (sometimes weighing upwards of a ton) 
to the in situ concretes, are all problems that have been now successfully over- 
come. 

Some indication of the interior accommodation is given by the fact that the 
total floor space available is about nine acres, or approximately 392,000 sq. ft. 
This huge area is secured on basement, ground, first, second, third, and fourth 
floors. A flat roof, upon which are erected water tanks, air conditioning rooms, 
etc., and capable of being flooded during great heat, will cover the building. 

Figs. I, 3 and 4 show the work in course of construction. The floors have 
been divided into large panels, with the supporting beams spaced at 17 ít. in the 
longitudinal direction and 18 ft. transversely. The interior of the building is 
separated by transverse walls into three sections, known as North, South and 
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Central. At each of these division walls expansion joints are formed above the 
level of the ground floor, so as to separate completely the three sections one from 
another. The expansion joints were deemed desirable, both by reason of the 
length of the building and the rapidity with which the work is being erected. 
The internal columns, numbering 260, are mostly octagonal in section, and are 
spirally reinforced on the Considére principle. 

The exposed surface of the interior work is being rubbed down with soít 
stone and cement grout as soon as practicable after the removal of the timber 
shuttering, to form a smooth aseptic finish. The official departments, including 
offices, board room, etc., as also the health departments and housekeeper's resi- 
dence, etc., will be plastered, tiled and decorated to harmonise with the Egyptian 
character of the exterior. 

There are approximately 24,000 cubic yards of reinforced concrete and 
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Fig. 4.—View of Main Piers to Hampstead Road Front. 


2,500 tons of steel rods required for this work. The weight of the aggregate: 
required for concrete will amount to about 70,000 tons, and 7,500 tons of cement 
will be required. All these materials have to be handled in a period of about 
nine months. 

To expedite construction, rapid-hardening Portland cement concrete is being 
used for the floors, while in certain other portions of the work aluminous cement 
concrete is being employed. 

The excavation over the site was dug by a steam digger and loaded into 
motor transports. The excavation for the foundations is done by hand and 
loaded into lorries, etc., by steam derricks. All the excavation is removed to 
spoil; the total quantity will be about 73,000 tons consisting entirely of vellow 
London clay. 

Prior to the commencement of the main building a reinforced concrete retain- 
ing wall was constructed around the site. The concrete for this wall was of the 
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aluminous variety, and by its use a large saving in timber work was effected, as 
well as the elimination of the usual asphalt lining. In this way not only has a 
saving of many thousands of pounds in the cost of asphalting been realised, but, 
owing to the construction of the wall being greatly simplified, an even greater 
saving both in cost and time was effected. 

The mixture of concrete adopted for most of the work is I : 14 : 3, the excep- 
tion to this being most of the internal columns, for which a mix of 1:1:2 is 
being used. The proportions adopted for the aluminous cement concrete is 
I:2:4, while the mass concrete in the foundations and elsewhere is generally 
I to 8. 

The outstanding plant on the contract consists of three ‘‘Insley’’ placing 
towers. These are so arranged as to be able to deposit concrete at any point on 
the building. Each of them will be 160 ft. high when depositing concrete at the 
level of the roof of the building. The concrete is mixed at the base of each tower 
in electrically-driven mixers, hoisted and delivered into a hopper, whence it flows 
in chutes down to its required position. Each of these towers is capable of plac- 
ing over тоо cubic yards of concrete per day. 

The design of the factory has been standardised and simplified as much as 
possible, and advantage is being taken of this to design the shuttering for repeated 
use. The total amount of shuttering is about 140,000 square yards (or 30 acres), 
most of it being 11-ш. timber. The area of external plastering will be about 
24,000 square yards, while among the flooring materials required are about 36,000 
square yards of maple flooring for factory use. 

The entire work has to be completed in 18 months, and it is estimated that 
the number of men employed in all trades will reach 1,200. 

The architects are Messrs. M. E. & O. H. Collins, of 115, Old Broad Street, 
E.C., assisted by Mr. A. G. Porri of Finsbury Square, E.C. The contractors are 
Sir Robert McAlpine & Sons, of Pall Mall, S.W. The consulting engineers for 
the reinforced concrete work are Messrs. Considére Constructions, Ltd., of West- 
minster, and for heating, air treatment, etc., Mr. Adrian Collins, of Godliman 
House, Godliman Street, E.C. 


Drawn Steel Reinforcement Bars. 


THE revision of the British Standard Specification No. 15— 1912, “ Structural Steel 
for Bridges and General Building Construction," has been engaging the attention 
of the Association for some time past, and at the instance of the Institution of Struc- 
tural Engineers it has been agreed that consideration shall be given to the preparation 
of a B.S. Specification for Drawn Steel Bars for Reinforced Concrete Construction, 


which have not up to the present been dealt with by the British Engineering Standards 
Association. 


Dingle Road Bridge, Bristol. 
THE engineer for the reinforced concrete bridge at Dingle Road, Bristol 


illustrated in our last number), is Mr. L. S. McKenzie, A.M.Inst.C.E., City 
Dgineer of Bristol. 
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REINFORCED CONCRETE GRAIN SILOS. 


Reinforced Concrete Grain Silos at Welwyn 
Garden City. 


Rapid Winter Construction—Special Shuttering. 


THE reinforced concrete grain silos illus- 
trated herewith are an excellent example 
of the speed at which reinforced concrete 
structures may be erected, even under 
unfavourable weather conditions, when 
great attention and forethought are 
given to the planning of the work and to 
the details of construction. These silos, 
which have a capacity of about 200,000 
bushels, have been built at Welwyn 
Garden City for the Shredded Wheat 
Company, and cover an area of 1oo ft. 
3 in. by 43 ft. by just over 78 ft. in 
height. The whole of this walling was 
poured in exactly a fortnight under 
winter conditions, that is, between De- 
cember 1 and December 14 last year. 
А high class Portland cement was used 
throughout, and this, in conjunction 
with a system of continuously-moving 
shuttering, was responsible for what must 
be a record for this class of construction 
in this country. Messrs. Peter Lind & 
Co. (of 2 Central Buildings, Westminster, 
S.W.1) were the contractors for the 
whole of the reinforced concrete work and 
were also responsible for the preparation 
of the general design and complete details 
in collaboration with the main contractors 
(Messrs. Thomas Robinson & Son, Ltd., 
milling engineers, Rochdale, who were 
responsible for the lay-out of the building, 
supply and installation of all machinery 
and plant), and are to be congratulated 
on proving the very great rapidity with 
which reinforced concrete buildings may 
be erected with up-to-date methods and 
modern materials. 

The more general use of rapid-harden- 
ing cement has greatly facilitated the 
speeding-up of certain special forms of 
concrete work, but there still remains the 
difficulty of shuttering when an engineer 
or contractor is compelled to work against 
time on a reinforced concrete building. 
Standard steel shuttering, and special 
collapsible forms, have assisted in certain 
special cases in the same manner as rapid- 
hardening cement has helped in other 
cases, but the necessity of erecting, strip- 
ping, and cleaning the forms has with 
few exceptions invariably entailed delay. 


р 


It is therefore interesting to have 
evidence that this very real difficulty of 
shuttering delay has been successfully 
overcome in the case of these silos, in 
which the main problem consisted of the 
shuttering for the silo walls. 

It will be seen from Fig. 2 that the 
battery of silos consists of eighteen hexa- 
gonal bins with curved external walls, 
providing an approximation to the econ- 
omicalcircular bin shape withoutinvolving 
the dead space which results from the 
use of circular bins in such a battery. 

As the silo walls are nearly 80 ft. high, 
and involve approximately 10,000 sq. yds. 
of shuttering, obviously a satisfactory 
solution of the shuttering problem was of 
vital importance to the progress of the 
work. The solution of the difficulty was 
found by the adoption of continuously- 
moving shuttering which can be adapted 
to any shape of bin without undue com- 
plications, a method that has been quite 
extensively used in America. 

The general principle underlying this 
form of shuttering is that of continuous 
progress. A belt of shuttering to the 
required shape, and very rigidly braced, 
is constructed to a height of about 4 ft. 
from the starting level of the walls. The 
shutters have a taper of { in., giving 
$ in. clear on each face at the leaving 
edge at the bottom. A working platform 
is constructed on top of these shutters, 
and this rises automatically as the 
shutters are raised. 

The forms are suspended from a series 
of jacks attached to the bracings around 
the shutters at such positions as to give 
an even lift to the whole of the shuttering 
system when the jacks are screwed up. 
These jacks engage with sockets of mild 
steel pipes projecting from the concrete, 
which are in turn locked by the insertion 
of steel rods as work proceeds (see Fig. 7). 
By a continuous process of jacking, the 
shuttering system is raised as the con- 
creting proceeds. When the jack is 
screwed out almost to its limit, a short 
length of locking bar, followed by a pipe 
to surround it, is inserted in the pipe 
socket which has been utilised by the 
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Fig. 2.—Plan and Section : 
Grain Silos at Welwyn Garden City. 
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Fig. 6.—Outlet Chutes іп Bottom Chamber. 
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REINFORCED CONCRETE GRAIN 51105. 


Fig. 7.—Jacks for Operating Continuously-Moving Forms and the Working 
Platform. 


first jacking operation. For this purpose 
each jack is screwed back in turn to per- 
mit the lengthening of the sockets; the 
jack is then re-engaged in the lengthened 
Socket, and jacking proceeds again. By 
arranging a definite rate of screwing up 
the jacks, the speed of jacking can be 
very closely related to the maximum 
output of concrete. In this instance one 
jack operator was responsible for ten 
jacks, and it was found possible to carry 
out continuous jacking at the rate of 
half-a-turn every three minutes, thus 
permitting almost continuous pouring of 
the concrete for the walls. The limita- 
tion of speed is arrived at from the rate 
at which the concrete will set. In this 
instance the jacks were worked so as to 
permit progress at an average rate of 
5 ft. 8 in. in 24 hours, and no difficulty 
was experienced. On one or two occa- 
sions a height of 6 ft. 6 in. in a 24-hour 
shift was reached, but it was observed 
that with the height of shutter used this 
was the practical limit of speed obtain- 
able at that time of the year— December. 

Certain precautions had to be observed to 
ensure the smooth working of the shutter 
system, principally in connection with 
maintaining it in a horizontal plane around 


the whole of the structure. If the shutter- 
ing is permitted to rise one end more than 
the other, obviously there is a tendency for 
the shutters to bind on the concrete ; if 
this should happen, and jacking be con- 
tinued without obtaining the correct level 
for the system, there is some danger of 
serious damage to the walls already con- 
creted. 

One other point is worthy of note in 
this method of construction, and that is 
the necessity for continuous jacking. 
Only by this means can the shuttering 
remain self-cleansing. Should it be neces- 
sary to vary the rate of concreting the 
rate of jacking should be varied accord- 
ingly. 

If these precautions are observed the 
resulting surfaces are remarkably fine 
and require very little labour in rubbing 
down and cement-washing; in fact, а 
board mark is almost unknown with this 
system of shuttering. 

In addition, it is worth noting that with 
careful workmanship a perfectly straight 
and plumb structure is obtained by this 
type of formwork. In the case of the 
structure described here, it was not pos- 
sible to detect any deviation from the 
vertical. 
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REINFORCED CONCRETE GRAIN SILOS. 


On account of the disposition of the 
jacks it will be noted that there is very 
little clearance for the horizontal rein- 
forcement, and it is impossible to fix this 
steel more than about 1 ft. higher than 
the working concrete level. Іп the design, 
due regard should be given to simplicity 
of steel fixing and provision made for at 
least I in. cover to reinforcing bars. 

In spite of the cold weather experienced 
during the period of construction, it 
was found possible to maintain the con- 
tinuous concreting required by this sys- 
tem. Asalready stated, the actual height 
constructed was nearly 80 ft., and the 
continuous working period was from 
December 1 to December 14, or exactly 
a fortnight. The cement used was 
slow setting cement to the British 
Standard Specification. 

The plant for the concrete mixing and 
placing consisted of a 1-yd. mixer in con- 
junction with Insley chuting plant dis- 
charging into a hopper on the working 
platíorm on the shutters previously re- 
ferred to, from which concrete was drawn 
off into hand tip-carts and wheeled to the 
various working parts. 

Although these notes are confined to 
a description of this special example of 
wheat silo construction, it will be readily 
perceived that similar methods can be 
successfully adopted for the rapid con- 
struction of any type of silo or similar 
structures with vertical walls of any 
considerable height, and that concrete 
shells for cooling towers of the chimney 
type would be especially amenable to 
this form of construction. Experience, 
combined with rational experiment, 
should result in even greater efficiency, 
both in design and construction. 


7 
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Fig. 8.—Type of Screw-Jack used. 


Concrete Sewer Pipes.—4A correspondent asks whether a surveyor would give 
him any information of the earliest use of concrete pipes for sewers or water mains. 


Professional Announcement.—Mr. G. Parker Pearson, Chartered Civil 
Engineer, of Dallas Chambers, Chippenham, has entered into partnership with Mr. 
H. Ross Hooper, О.В.Е., М.А. Oxon., M.Inst.C.E., who has resigned his appoint- 
ment of Engineering Inspector on the staff of the Ministry of Health. Mr. H. Ros 
Hooper has for many years conducted inquiries on the various undertakings of local 
authorities, more especially borough extensions, bridges, and works of sewerage and 


water supply. 
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Reinforced Concrete Dairy. 


THE Northern Co-operative Society, Ltd., 
of Aberdeen, are now engaged in the con- 
struction of a dairy in Aberdeen to pro- 
duce 10,000 gallons of pasteurised and 
bottled milk per day. The building, 
which measures about 180 ft. by 120 ft., 
is being constructed of reinforced concrete 
with rapid-hardening Portland cement. 

The pier foundations are of mass con- 
crete with gravel aggregate graded from 
14-ш. gauge downwards. The reinforced 
concrete aggregate is composed of granite 
chippings from 3-in. gauge downwards. 
The pier foundations are set on the hard, 
but the reinforced concrete floors, which 
are not connected to the walls, are laid 
on made ground on a bed of mass con- 
crete 4 in. thick. All foundations are 
2 for a safe bearing of 1 ton per 
sq. ft. 

To eliminate columns in the working 
floor areas, which are undesirable in a 
milk-handling factory, long spans were 
introduced. Some of the beams are of 
62 ft. clear span. The north and south 
wings have flat reinforced concrete roofs 
covered with asphalte. The centre wing 
has a pitched roof formed of slates and 
sarking supported by steel roof trusses. 
In the design of the piers and panels, 
economical and structural requirements 


as well as the architecture of concrete 
work were kept in view. Gate pillars, 
dwarf walls, road foundations, are all of 
reinforced concrete. 

The stripping of steel and wooden 
shuttering and centering has been carried 
out in accordance with the possibilities 
of rapid-hardening Portland cement 
recommendations, with the result that 
very rapid progress is being maintained. 
One or two spells of hard frost were en- 
countered, but by heating the sand, 
aggregate, and water by means of a 
vertical boiler and steam tubing the 
pouring of concrete was carried on with- 
out interruption. 

The dairy will use a large quantity of 
water for cooling and other industrial 
purposes. A 50,000-gallon reinforced con- 
crete circular tank, about 85 ft. high, 
will be erected with two concentric com- 
partments; the outer compartment, of 
43,000 gallons capacity, will hold the 
primary water, and the inner compart- 
ment, of 7,000 gallons capacity, will hold 
the secondary water, which will be 
pumped from a 50,000-gallon collecting 
tank under the floor of one of the loading 
docks. 

It is expected that the concrete work 
will be completed in the next few months. 


Fig. 1.—First Lift of Shuttering in Three Walls. 
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Fig. 2.—Junction of Superstructure and the Pier Foundation. 
| 


Fig. 3.—One of Маш Beams, 47 ft. clear span, carrying roof of 
Loading Dock. 
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Fig. 4.—South-East Corner : A surface treatment scheme is adopted for the 
pilasters, pillars, panels, etc., including rubbed surfaces and white 
Portland cement. 


The architects and engineers are Messrs. 
Tawse & Allan, of Aberdeen. 

The illustrations show: Fig. 1, the 
first lift of concrete in three walls (the 
hill in the background is being removed 
and used for banking over the site) ; 
Fig. 2, the junction of the superstructure 
and pier foundations; Fig. 3, one of the 
main beams carrying the roof of a loading 


dock (the span is 47 ft. clear, the top of 
the fill is approximately the level of the 
roof); Fig. 4, view of the south-east 
corner (the surfaces of the base-course, 
pillars, pilasters and belt-course will be 
rubbed down with carborundum, and the 
panelling finished in white Portland 
cement; the sunk panels will have the 
aggregate exposed.) 


The Addition of Lime to Concrete. 


IN the course of some notes on the con- 
struction of an elevated roadway in 
reinforced concrete at Chicago, Mr. A. R. 
Lord, the consulting engineer on the work, 
refers to the admixture of lime to the con- 
crete in order to facilitate its deposition. 
This is one of the large reinforced con- 
crete works completed in Chicago in 
recent years, and involved an exception- 
ally large volume of concrete, all of which 
was used as ' dry ” as possible with a 
view to securing maximum strength. 
The addition of lime was specified for 
reinforced concrete other than lightly 
reinforced massive work and except in 
cold weather. The engineer states: 
'" Lime was not used from any faith in 
reported test data, where an increase in 


strength due to other causes has been 
attributed to lime, but for practical 
reasons. We found that the use of 
50 lbs. of hydrated lime per yard batch 
of concrete had no observable effect 
on the strength of the concrete; and we 
have probably three thousand tests to 
judge from. We found also that the 
use of lime in this proportion made the 
concrete more workable, easier to place, 
and less liable to segregation in trans- 
portation and handling. Past experience 
indicated that it decreases permeability, 
while twenty years' experience in its 
use in this manner has not confirmed any 
opinions to the effect that the lime will 
be carried away after the concrete is 
once properly made and placed." 
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LEAS CLIFF HALL, FOLKESTONE. 
Leas Cliff Hall, Folkestone. 


THIS recent and important addition to the already numerous amenities of Folke- 
stone is constructed on the Leas, and comprises, as well as a large concert hall 
and band pavilion, a promenade, balconies, shelters, tea rooms, and other con- 
veniences. The structural material is almost wholly reinforced concrete, the 
consulting engineers for which were Messrs. Considére Constructions, Ltd., of 
Westminster, S.W.r. 

The external facing material is white faience work, and the architectural 
treatment it has received is very suitable indeed to its position and environment. 
This may be seen from Figs. гапа 2, which give external views of the work. The 
principal idea in designing this work was to have as many balconies as possible, 
so that the public could hear music, and at the same time be out of doors and 
enjoy unrivalled views of the English Channel, shipping, French coast, etc. 

The two balconies on east and west sides are covered for wet weather and 
the main hall windows open entirely so that the hall can be thrown completely 
open. Theexternal windows are of metal, and these have been treated with a zinc 
spray finish to prevent rusting, which is an important question at seaside places. 

The main hall, which has accommodation for 1,500 people, is provided with 
a dance floor. Synchronising clocks have been fitted throughout, and telephone 
communication is installed between the various rooms. 

Large subscription rooms for reading, writing, etc., together with a silence 
room, are provided on the middle floor, while on the mezzanine floor are retiring 
rooms for artists, bandsmen, etc. The central heating is low pressure with oil-fired 
boilers. Heavy crude oil is employed and this is pumped down from the road above. 

The principal feature structurally is the main cantilevered balcony, with a 
clear projection of 17 ft., which extends the whole length of the building. Beneath 
this is a smaller balcony which traverses a portion of the facade. 

Fig. 3 shows a typical transverse section through the building. This illus- 
tration shows clearly the constructional arrangements and the cantilevered bal- 
conies referred to. 

The site chosen for this building, whilst almost perfect from the esthetic 
and accommodation standpoints, required careful investigation and consideration 
in order to provide efficient foundations. The slope upon which the majority 
of the structure stands is relatively steep, and the height of the shelter (shown 
in the cross section) is about 80 ft. above the foreshore below. 

It was obviously desirable, so far as possible, to keep the dead weight of the 
front portion of the structure as small as possible. Several means were adopted 
to this end, one being the use of hollow or trough flooring of reinforced concrete 
for the main balcony and adjacent pavilion. These floors, although spanning 
about 20 ft. between beams, were of minimum dead weight, and possess excellent 
sound-resisting qualities. The underside of the floors were provided in all cases 
with plaster ceilings formed on expanded metal, the latter being attached to the 
nb soffits in the usual manner. 

The building has taken two years to complete, and the cost, including furni- 
ture, amounts to about £80,000. The opening ceremony is to be performed by 
H.R.H. Prince Henry on July 13. The architect for the work is Mr. John Seaton 
Dahl, F.R.I.B.A., and the general contractors Messrs. Godden & Son, of Ashford, 
Kent. 
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Fig. 3.—Leas Cliff Hall, Folkestone: Cross Section. 
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Questions and Answers relating to Reinforced 
Concrete. ` 


Readers are cordially invited to send in questions relating to concrete. 
lied to by an expert, and 


questions will be r 
once direct and 
interest. 


These 
» 48 far as possible, answered at 


8 nily published where they are of sufficient general 
Readers shouta 4 supply full name and address, but only initials pe be 


published. Stamped envelopes should be sent for replies.—Ep. 


Casing Rolled Steel Joists. 


QUESTION.—I would be obliged if you 
would give your advice on the following 
question. In a bridge 28 ft. span by 
12 ft. wide, rolled steel joists 16 in. by 
6 in. by 62 lbs. per foot run at 3 ft. 
centre to centre, are to be filled in with 
5 to 1 concrete on curved sheeting as 
sketch No. 1, or altered and constructed 
as sketch No. 2, with 4 in. of concrete 
above and below the joists. (1) Can the 
formula for concrete above top flange of 
joist in Redpath Brown's Handbook be 
used with large rolled steel joists of this 
span and upwards, say, to 3o ft. span? 
(2) What is the advantage of No. 2 over 
No. 1? (3) What is the best way of 
constructing the bridge as regards con- 
crete filling ?—T. PRICE, Brecon. 

ANSWER.—(1) The formula quoted by 
our correspondent cannot be used for the 
size of joist mentioned, as the percentage 
increases in strength due to the sur- 
rounding concrete are not tabulated for 
joists larger than ro in. by 5 in. by 30 lbs. 

(2) There will be a slight increase of 
strength in Sketch 2 over Sketch 1 owing 
to the presence of the concrete above the 
top flanges of the joists, The concrete 
below the lower flange, however, is of no 
value except as a casing and protection 
to the joist. Apart from the latter con- 


sideration, therefore, there appears to be 
no advantage in Sketch No. 2 over 
Sketch No. r. Indeed, the extra 8 in. 
ог 9 in. of concrete in Sketch No. 2 adds 
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another тоо lbs. per sq. ft. to the 240 Ibs. 
per sq. ft. deadweight of Sketch No. r, 
resulting in a total deadload of about 
I3 tons per joist, thus leaving little 
margin for the carrying of useful live 
load. 

(3) In the case of Sketch No. 2, the 
formwork must be supported on props 
from below as a floor, unless special metal 
clips or bolts are made to hook over the 
flange of the rolled steel joists to support 
the timber joists carrying the boarding. 


Stresses in Reinforced Concrete. 


QUESTION.—In the May number of 
“ Concrete and Constructional Engineer- 
ing ” I find it difficult to understand your 
remark on page 333, “it is inconsistent 
with the usual basis of design . . . etc." 

Surely it is the very essence of design 
in reinforced concrete that the stresses 
in steel and concrete are relative to their 
modulus of elasticity, and that if the 
stress in steel is 16,000 lbs. per square 
inch the corresponding stress in the 
concrete adjacent is 1% of that figure, 
viz. 1065. If the concrete cannot stand 
this stress it will crack, leaving all the 
tension to be taken by steel. Is this not 
the basic theory of reinforced concrete 
construction ? 

I should be obliged if you would explain 
what is meant by your remarks on Mr. 
W. T. Gedge's diagrams.—W. H. CHAN- 
BERLAIN, Belfast. 

ANSWER.—Our correspondent's state- 
ments seem to be perfectly correct, and 
his views, so far as we can see, are fullv 
in accordance with the views expressed 
in the editorial. The only point is. 0! 
course, that whereas our correspondent 
recognises that if concrete in tension 
cannot stand a stress of 1065 lbs. it will 
crack, leaving all the tension to be taken 
by the steel, this point did not seem 10 
be borne out by Mr. Gedge's diagrams. 
which still showed stresses of 1065 15. 
and other impossibly high stresses 1N 
concrete in tension below the neutral 
axis which could not possibly exist.—0.F - 


Concrete Roads: Faults and their 
Lessons.—II. 
By R. A. B. SMITH, A.M.Inst.C.E., A.C.G.I. 
(Continued from “ C. & C.E.," June, 1927.) 


WHEN the joints are straight across the road the longitudinal crack 
generally appears fairly continuously through three or four panels; it 
may then fade away in one or more panels, only to reappear in the 
following ones. This type of crack has made its appearance more quickly 
on made-up ground than on a natural sub-base, which leads one to 
suspect that there is additional vibration due to heavy loads over made 
ground in consequence of which the tension at the centre is increased 
at the moments when these loads are passing, especially during the heat 
of the day, at which time the centre portion may be hollow. 

If the joints are placed diagonally across the road the cracks appear 
as shown in the photograph with the previous article or else run at 
right angles to the joints through two or three bays, eventually reaching 
the edge of the slab. 

It is not yet evident that the placing of top reinforcement in one 
direction or the other makes any difference ; that is, these cracks do 
not seem to be prevented whether the top reinforcement runs parallel 
to or at right angles to the joints, or even if the bars are spaced equally 
in both directions. Hence it may be assumed that to avoid this type 
of crack either the concrete at the centre of the road must be thickened 
or additional top reinforcement must be placed in the middle third. 
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FIG. 1.—OVERRIDING OF JOINT BETWEEN LONG SLABS 
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The thickening of the centre has been done at the following places :— 

Manchester: I2 in. at centre, 9 in. at sides. 

St. Austell: 8 in. at centre, 7 in. at sides, and 7 in. at centre, 6 in. 
at sides. 

Surrey Commercial Docks: 10 in. at centre, 8 in. at sides, and rr in. 
at centre, 7 in. at sides. 

Bourne End: 8 in. at centre, 6 in. at sides. 

Gainsborough: 9 in. at centre, 6 in. at sides. 

An example of extra reinforcement in the midde third is in the 
East to West Road at Dorking, Surrey. There are more which might 
be mentioned, but the above should be sufficient for those interested 
to keep in touch with over a period of time. 


Fic. 2.—Roap LAID ім HALF-WIDTHS. 


It was about the year 1919 that one or two engineers adopted a third 
method of constructing slabs for concrete roads. In this method the 
slab was laid the full width of the road, and the concreting was continuous 
right through until the end of the day's work, when a plain vertical butt 
joint was used. The reinforcement did not pass through this joint. 
The next day's work was then continued straight off from the butt joint. 

So far as Southwark is concerned this method has been quite successful. 
It does not entirely eliminate cracks, but it is a simpler method of con- 
struction than the alternate bay work and is less costly. 

It was found, however, that the use of a joint only at the end of a 
day's work meant that when progress was good the length of the bay 
was sometimes anything from 150 to 200 feet. Under temperature 
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effects the expansion of this length of concrete was so great that, if the 
joint were not absolutely true, one slab would often try to over-ride the 
next (Fig. 1) ; and, even if the butt joint were quite true, there was a 
tendency for the slab to lift in the middle, with the result that a hollow 
was formed underneath and cracking inevitably took place due to the 
traffic passing over this portion. The writer has observed most distinct 
differences of level between one slab and another as a result of expansion 
when there is a considerable distance between the joints, although on 
previous examinations there had been no appreciable over-riding. 

A considerable amount of slab work has been done both with and 
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Mr. W. С. Persey, Borough Engineer. 


FIG. 3.—Roap at BARROW-IN-FURNESS WITH EXPANSION JOINTS AT VARYING INTERVALS. 


without expansion joint material, and it now seems definitely proved 
that it is inadvisable to exceed 70 ft. at the outside, and preferably to 
keep within бо ft., as the maximum length of the slab. Such a slab 
will last a considerable period without developing anything in the nature 
of cracks, but eventually the longitudinal crack does appear. This type 
of crack is zig-zag in shape, and sometimes deviates and finishes at the 
edge of the slab. It is, therefore, difficult to treat in order to prevent 
disintegration when it has opened sufficiently for the traffic to have 
effect upon the edges. 

There is a road at Barrow-in-Furness, 3} miles long, which was 
opened to traffic in June, 1924, and in which the majority of the bays 
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do not exceed 60 ft. in length. The width of the road is 24 ft. With 
those bays that are 60 ft. in length it is true there are a few cracks, but 
it has not so far been necessary to treat them. With the bays that vary 
in length from 9o to тоо ft., of which there are very few, there is, however, 
a distinct heaving at the joints. As the whole of the road was constructed 
under exactly the same conditions and in exactly the same way it is an 
interesting example, and a very good argument in favour of restricting 
the length of the panel to the dimension mentioned (Fig. 3). 
Although there were early instances of roads being constructed in 
two halves the object of this was to allow the traffic to pass during the 
reconstruction of the road. Nevertheless it became noticeable that the 


Fic. 4.—OPENING OF CENTRE JOINT IN HALF-WIDTH CONSTRUCTION. 


centre joint thus formed, even though the utmost care had been taken 
to join up the two sections on completion, both with top reinforcement 
and by taking particular care in the bonding of the concrete, after a period 
opened and if not treated with a bituminous preparation would com- 
mence to ravel (Fig. 4). However, the joint being a straight line it 
is not difficult to treat. On the other hand, the reduced size of the 
panel seemed to be of an advantage inasmuch as the total length of crack 
per panel was appreciably reduced. 

In the spring of 1926 it was decided to construct a road on the Chelsea 
Embankment, London, where the traffic is both heavy and rapid. It 
was essential, therefore, that if a concrete road were constructed, it should 
be capable of withstanding the hardest test of all, namely, speed and 
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weight together. It was thought that if longitudinal cracks were allowed 
to form in this road they would require constant attention. The engineer 
therefore in designing the road, divided it up into three strips roughly 
I3 ft. wide, and kept the panels down to 50 ft. in length. However, 
when it came to the actual construction, in view of the fact that the 
Ministry of Transport required the road to be kept open to a double 
line of traffic it was not found practicable to lay the road in three strips. 
It was decided, therefore, that four strips each ro ft. wide should be 
adopted (Fig. 5). During the course of these articles several references 


Mr. W. R. Manning, Borough Engineer. 


Fic. 5.—Roap LAID IN Four Strips ON CHELSEA EMBANKMENT. 


will be made to this road, as many interesting details were шү and 
one or two interesting points have since arisen. 

It may, however, be stated that as a result of investigation after a 
period of one year, the size of the slab (48 ft. 4 in. by то ft.) has proved 
satisfactory inasmuch as there is in the whole area only one corner 
break and some very minor cracks. 

During the summer of the same year the Ministry of Transport, in 
conjunction with the Middlesex County Council, constructed several test 
sections of concrete-surface roads on the Barnet By-pass. The majority 
of the panels are 30 ft. long, and the width of the road is also 3o ft. 
Some of the sections are therefore 30 ft. by 30 ft. ; a second series is 
30 ft. by 15 ft., that is to say, the road has been divided into halves ; 
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Mr. A. Dryland, Middlesex County Surveyor. 


Fic. 6.--Зестіох OF BARNET By-Pass ROAD LAID IN THREE STRIPS. 
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Му. А. Dryland, Middlesex County Surveyor. 


Fic. 7.—Section oF BARNET By-Pass ROAD Laip IN Two Strips. 


Му. A. Dryland, Middlesex County Surveyor. 


Fic. S.—Furri-Wipin CONSTRUCTION ON BARNET By-Pass ROAD. 
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and a third series is 30 ft. by то ft., the road having been divided into 
three strips (Figs. 6, 7, and 8). 

Very little traffic has so far used the road, and it may therefore be 
assumed that anything that has happened to the road is due to tem- 
perature effects. One or two longitudinal cracks have occurred in the 
30 ft. by 30 ft. panels, but so far as the writer is aware no cracks have 
yet developed in any of the others. The majority of the sections are 
unreinforced ; the thickness of the slab is 8 in. 

All the various forms of construction which affect the size of the panel 
have now been considered, and the next step is to diagnose the advantages 
and disadvantages of each and endeavour to arrive at a decision at what 
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FIG 9.—CoNTINUOUS CONSTRUCTION АТ DUNFERMLINE. 


is likely to prove the correct size of panel. The question of joints and 
jointing materials will be dealt with later. 


Continuous Construction. 


The advantages of continuous construction (Fig. 9) are simplicity of 
construction for streets up to 24 ft. in width, and the fact that in very 
well-protected areas it does not seem to develop cracks for a consider- 
able period. 

Its disadvantages are that zig-zag cracks occur where this form of 
construction is employed on streets that are at allexposed ; construction 
joints are liable to open ; and bursts are a possibility. 
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Mr. W. P. Robinson, Surrey County Surveyor. 


FIG. 10.—ALTERNATE Bay CONSTRUCTION ON East то WEST ROAD, REIGATE. 


Alternate-Bay Construction. 


The advantages of alternate-bay construction (Fg. то) are that it can be 
used on roads up to 60 ft. in width ; the camber can be accurately kept 
over such a width ; mixing in a clean condition can be accomplished 
on the alternate bays whilst the intermediate bays are being laid ; and, 
provided that the screeding is strictly longitudinal, smooth riding can 
be obtained. 

Its disadvantages are that the whole road must be closed to traffic 
until its absolute completion ; the method is more expensive ; extra 
reinforcement or extra depth of concrete is necessary to reduce the 
possibility of a centre crack. The slabs should be not less than ro ft. 
wide to prevent tilting, and a special watch must be kept that the full 
depth of concrete is laid in the intermediate bays. 


“ 92 Le € 
Ж 227 


Mr. W. H. Grieves, Engineer and Surveyor, Sutton U.D.C. 


Fic. 11.—Busney ROAD, SUTTON, LAID IN FuLL WIDTHS WITH EXPANSION JOINTS. 
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Expansion-Joint Method. 


The advantages of this method are simplicity of construction and 
reduced transverse cracking (Fig. тї). 

The disadvantages are the formation of longitudinal crack, and also 
the whole road has to be closed to traffic during construction. 


(To be continued.) 


Strip Method. 


The advantages of this method (Fig. 12) are simplicity of construction ; 
screeding is simplified due to narrow width ; more accurate alignment 
and level is possible, ensuring smooth riding qualities; longitudinal and 
transverse cracks are practically entirely eradicated ; the road can be 
open to traffic throughout the construction period; there is complete 
freedom from heaving or bursts. 

The disadvantage is the number of joints, necessitating an annual 
treatment and considerable care during construction. 

It may be deducted, therefore, that in the writer's opinion it is prefer- 
able to lay slabs longitudinally of a length not exceeding 60 ft. when 
reinforced, and 30 ft. when unreinforced. The thickness must be not 
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Mr. J. S. Bullough, Borough Surveyor. 


Fic. 12.—Roap AT NORWICH LAID IN STRIPS. 


less than 6 in., and need not exceed g in. When long life is not desired, 
and should a case arise where funds do not permit of permanent work, 
it is a reasonable proposition to put down a layer of concrete 4 in. to 
5 in. thick on a good foundation and obtain a longer life with this than 
with any other material of a similar cost per square yard, but it cannot 
be considered a permanent form of paving. 
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Low Retaining Walls. 


By LESLIE TURNER, В.5с., A.M.Inst.C.E. 


THESE notes refer to the construction of comparatively shallow retaining 
walls up to about 6 ft. total height, and of any length, such as would 
be suitable for supporting a bank of earth up to, say, 4 ft. 6 in. high. 

Let us assume that the net height of ground to be supported is 
4 ft. 6 in., that is, from lower ground line (L.G.L.) to higher ground 
line (H.G.L.) (see Fig. т). Any wall of lesser net height can be con- 
structed from the following particulars by deducting the difference 
from the top; that is to say, by lowering the coping but retaining the 
same base, reinforcement, and other dimensions as shown. 

This tvpe is termed a cantilever wall in contradistinction to a counter- 
fort or buttress wall, and it has been designed to retain ordinary earth 
trimmed to an approximately level upper surface on which only light 
loads (if any) would occur. If the backing is likely to be waterlogged, 
or to carry heavy loads—such as from a roadway, a railway, or a raft 
for a building, etc.—this design would not apply and specialist advice 
should be sought. 

For the moment it will also be assumed that H.G.L. and L.G.L. 
are horizontal or are to be finished so, as sloping sites necessitate 
modifications. 


Excavation. 


Excavation must be carried down to the depth 1 ft. 9 in. shown on 
the section, and this should be considered a minimum for ordinary ground. 
If a good natural bearing is not found at that depth the excavation should 
be continued deeper until a satisfactory stratum is reached and then 
filled up with mass concrete (I : 2} : 5 mix) to the level of the underside 
of the base slab. 

On the other hand, even if very good bearing ground is exposed 
before the above-mentioned depth is reached, excavation must pro- 
ceed to the full depth because it is required to form a buffer to resist 
the thrust on the back and thus to prevent forward movement of the 
wall It is therefore essential that the space marked A on Fig. 1 be 
refilled with good material and well consolidated after the wall is built. 
The only case permitting a reduction of excavated depth in front of the 
wall would be when the toe (T) thrust directly against an extensive 
concrete slab or rock, etc. 

Except in very compact ground it is desirable to run some rough 
boarding along the sides of the trench to prevent soil or the sides 
falling in before or during concreting. 

For shallow banks it will perhaps be found cheaper to trim the bank 
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back to a slope at which it will stand safely without danger of down- 
wash by heavy rains. If, however, this is not possible owing to lack of 
space for spoil on top or other causes, and in the case of greater height, 
the face of the bank must be roughly but adequately timbered and 
strutted as shown dotted in Fig. 3, to retain temporarily the bank and 
prevent earth falling down into the trench. 

Rough boards will then be required with posts wired back to stakes 
or strutted in front, as the circumstances permit. This is a matter of 
trench strutting, and will not be pursued here except to point out that 
any struts should if possible be kept clear of the future wall and its 
shuttering. It is worth while thinking this out clearly, otherwise the 
special cutting to enable temporary struts and props to run through 
the wall will add seriously to the cost of the job, and will afterwards be 
a source of weakness and trouble. 

We will now assume the preceding operations are finished, and that 
we have a clean and firm bottom to receive the base. 

During wet weather it may be difficult to keep the bottom free from 
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Fig. 1.—Section EF on Fig. 2. 
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mud, which must on по account be allowed to become mixed with the 
concrete or to coat the bars. In this case and in wet ground, therefore, 
a layer of rough concrete 11 in. to 2 in. thick should be given to the 
bottom of the trench to form a level and hard working floor. This 
concrete is, of course, additional to the 4-in. reinforced concrete base, and 
the excavation must also be carried 2 in. deeper to accommodate it. 
Any reinforcement (dealt with later) occurring in or projecting into the 
base-slab must now be placed, wired tightly together at all crossings 
with short lengths of annealed iron wire (No. 16 gauge) and securely 
held in position by a temporary wooden frame, or any means that 
suggests itself. 

The main bars (i.e. all but the crossbars) are to have } in. cover of 
concrete. This can be conveniently achieved by placing short loose 
lengths of $ in. diameter bar between the reinforcement and the ground 
or the shuttering. These form gauges, and can be moved along as con- 
creting proceeds ; but it is necessary to move them along before ramming 
is finished, or continuous holes will be left on the surface of the concrete. 
Wood blocks or strips should not be used, for if accidentally concreted 
in they may seriously affect the strength of the structure. А short study 
of the plan, elevation, and section in Figs. 1 and 2 will show that the 
ł-in. bars forming the vertical reinforcement must be inserted together 
with the four үл in. crossbars in the base. 

The base slab may now be concreted to its full depth of 4 in. in one 
operation. This should be carried out in convenient short lengths, 
terminated by removable staked boards against which the concrete can 
be rammed. Care must be taken during the punning to ensure that 
the concrete is rammed between and under the bars without displacing 
them. 


Shuttering. 


A simple and satisfactory method of shuttering is shown in Fig. 3, 
the essential parts being posts, say, 4 in. by 3 in., at about 3 ft. intervals 
supporting horizontal 1}-in. boards or sheeting. The posts must be 
braced longitudinally, and also strutted at front or rear when in position 
and plumb. With 1}-in. boards the pairs of posts would be separated 
63 in. to give a 4-in. wall. The posts and sheeting must be cut to form 
4 in. by 4 in. fillets, 6 in. by 2 in. coping, and the smaller 1 in. by r in. 
fillets. Fora long stretch of wall one or two unit lengths of standardised 
shuttering should be made, which can be dismantled and reassembled. 

The posts may be strutted from other timbering at the bottom, or 
bolted or wired through the shuttering to the opposite post. Such bolts 
or wires should if possible be withdrawn and in any case kept well below 
front ground level. At their tops the posts are connected by a nailed 
strip. 
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CONCI 

One side of the sheeting can be erected to the full height of the 
wall, but an open side must be left above the 4 in. by 4 in. fillets 9 
that the concrete can be poured, crossbars wired on, the concrete rodded, 
and the whole easily inspected. Concreting should be carried up in 
I2-in. layers, by inserting two or three boards at a time on the open fac 
and filling up, the ends of a section being stopped with removable boards 
to ram against. 

At about 6 in. or 9 in. above L.G.L. tapered cylindrical blocks of 
wood should be cast in, and these can be knocked out later to form weep 
holes at 10 to 15 ft. centres. 

The top surface of the coping need not be shuttered, but the concrete 
brought up flush and trowelled off smooth. 


LESLIE TURNER. 


Reinforcement. 


Reinforcement should consist of round bars of the diameters in- 
dicated іп Figs. т and 2. The 8 ft. тг in. long 4 in. bars (а) at ro in. 
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centres alternate with the 6 ft. 4 in. long 3-in. bars (b) at the same 
centres, making a series of 3-ш. bars at 5-in. centres at the bottom, from 
which the number of each length required can be estimated by multiply- 
ing the length of the wall in feet by 1$. The number of fillet bars 
(c) required is the same as the total of the vertical wall bars (a + b). 

The 4&-in. cross-bars should also be so arranged that they аге 
as long as they conveniently can be to suit the length of the wall, say, 
about 20 ft., and the lap at the splice should not be less than 18 in. 
These laps should also be arranged so that they are spread evenly along 
the length of the wall and are not bunched together near any one 
section. The length of the wall should be drawn out to scale and the 
bars set out, measured off, and ordered accordingly. The total weight 
of steel per yard run of wall is approximately 40 lbs., including an allow- 
ance of 10 per cent. for crossbar laps. 

For a wall of this nature the bars can be assembled in short units 
and lifted into the trench. Some or all of the wall crossbars may be 
omitted until the base has been concreted, but the tops of the 441. 
bars should be securely fastened to a wooden strip, which can form 
part of the framework, holding the reinforcement in position before the 
base is concreted and has set. It is very important that bars project- 
ing from concrete—particularly green concrete—should not be disturbed. 


Removal of Shuttering. 


The wall will not reach its proper strength to resist earth thrust 
until at least six weeks have elapsed after concreting (or less with rapid- 
hardening cement), so that the future bank which has to be retained 
must not be filled in behind the wall until this period has passed unless 
the face shuttering be retained and strutted to take the earth thrust. 
When inserting this filling, coarse rubble or the largest stones available 
should be placed around and above the weep holes. The filling in front 
of the wall should, of course, be placed before that at the back, and 
be well consolidated as mentioned above. 


WALL: OVERALL HEIGHT, 6 ft. 3 in. 
QUANTITIES PER LINEAR YARD OF WALL. 
(Based on 1:2: 4: concrete.) 


cu. ft. 
CONCRETE :— Base š . I sq. yd. 4 in. thick 3:0 
Filet . . 6 lin. ft. 4 in. by 4 in. 0:33 
Wall . 2 sq. yds. 4 in. 6-00 
Coping . . 3 lin. ft. біп. by 2 in. 25 
oss 
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SHUTTERING :— Wall: 36 ft. super (both sides measured) net. Add 
for cutting, posts, struts, etc. 


STEEL REINFORCEMENT :— 
4° 


Bends 6 be of easy radiws (aot less Ban ik) 
Lymeasin3 are № owfs;des of bers 


72/2/ Leagh 8/17 64. . O. 
Ж aem bars (a) @/0' 6 % bars (6)@/0 "4 36 bors {&)@ 5 Е. 


Cross Багз—то ү in. diam. per unit length of wall. 
(Add 1 ft. 6 in. to unit length for lap.) 


Modifications for Lower Walls. 
If the net height be considerably less than 4 ft. 6 in. the diameters 
of the bars may be reduced as shown in Table r. 


TABLE I1.— MODIFICATIONS FOR LOWER WALLS. 


Height of Wall. Diameter of Bars. Width of Base. 
(L.G.L. to H.G.L.) (at 5 in. centres) (See Fig. 1.) 
4 ft. O in. to 3 ft. 9 in. 4 inch 2 ft. o in. heel and 1 ft. toe 
3 ft. 9 in. to 3 ft. o in. # inch 2 ft. o in. heel and 9 in. toe 
3 ft. o in. and below. | 1 inch I ft. 9 in. heel and 9 in. toe 


The spacing of the bars, diameter of crossbars, and thickness 0! 
concrete remain as indicated in Figs. 1 and 2, but the width of base 
may be decreased according to Table r. The vertical and horizontal 
lengths of the main bars must therefore be adjusted to the new dimen- 
sions, but the r ft. 9 in. depth below L.G.L. should not be reduced. 


Expansion Joints. 


The necessity for expansion joints varies, of course, with circum- 
stances, and would not arise at all in the case of short walls up to, say, 
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50 or 60 ft. long. In long straight walls, however, joints should be 
provided at from about тоо ft. intervals for sheltered walls facing north 
to 50 ft. intervals for very exposed positions facing south. Many walls 
have, of course, been built with joints, if any, at much greater intervals ; 
but a risk is involved if the limits are materially increased or the matter 
entirely ignored. On the other hand, the more joints provided the 
less will be the tendency for contraction cracks to appear. 

Should it be desired to increase the intervals, the number of cros 
bars in the wall and coping should be increased in the same proportion 
as the interval is increased, and the crossbars placed equally along both 
surfaces of the wall. 

A suitable joint is shown in Fig. 4, the gap between the ends of each 
section of wall being 4 in. This gap may be conveniently screened by 
a post, a series of which would be introduced to relieve the monotonv 
of a long stretch of plain wall. The post may be pre-cast or cast im 
situ together with one section of the wall, while a paper or sliding joint 
is left against the adjacent section. In the case illustrated the joint is 
covered at the rear and under the base by a 4-in. pre-cast plank, which 
prevents soil entering and at the same time allows of free longitudinal 
movement due to temperature and humidity changes. 

If the joint is not thoroughly cut off from the earth filling, or if there 
is any danger of it filling from any cause whatsoever, the gap should 
be filled with yielding material, such as a bituminous preparation, to 
exclude stones and soil and so ensure that it always functions properly. 

It should be noted that all crossbars are to be well hooked at their 
ends abutting the joint. 


normal Ам! rabiem 
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Fig. 5.—Section through Corner. 
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Returns and Angles. 


The stresses in a cantilever wall are entirely altered at any point 
of sharp change in direction on plan, and additional horizontal reinforce- 
ment is then required. If extra horizontal reinforcement is omitted 
or insufficient the wall must surely crack at, or near, the corner in order 
to adjust itself to the vertical reinforcement provided. The latter is, 
of course, sufficient from the point of view of safety but cannot prevent 
vertical cracks, which are defects to be foreseen and avoided. 

For the walls described the following horizontal bars are required 
extra to the usual cross bars (which should be hooked at the corner). 
The shapes to which they are to be bent and their positions are given 
in Fig. 5. Each set of bars, consisting of #-in. corner, angle, and fillet 
bars, is to occur at 6-in. centres all the way up the corner. The cross- 
bars in the base should also be taken well on, and the outer one bent 
round the corner. 


Sloping Sites. 


More often than not it will be found that either or both the higher 
and lower ground lines are inclined when the wall is viewed in elevation. 
This introduces a difficulty in that the limits of heights and depths are 
soon outrun, as the base, except in very rare cases, must be maintained 
horizontal throughout. The base should therefore be stepped at intervals, 
as in the case of house footings on sloping sites. 

The coping may follow the slope of the H.G.L., but a much better 
appearance will result if, when possible, the top is trimmed level to 
permit of the coping being horizontal. Both the top and base can then 
be stepped at regular intervals to accommodate the wall to the general 
slope, as shown in Fig. 6. There is an additional advantage in so doing, 
because the wall is constant in dimensions throughout the interval. 

Practically each case will need individual treatment, so that an 
accurate survey must be made and plotted, and the wall drawn out 
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Fig. 6.—Wall on Sloping Ground. 
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so that its minimum depth below L.G.L. is 1 ft. 9 in., while its maximum 
net height must not exceed 4 ft. 6 in. Where the inclination is very 
marked and the foundation sound, the 1 ft. 9 in. depth may be reduced 
to I ft. 6 in., when continuous with a deeper base. 

The junction at each step should be provided with.a post or pillar 
of adequate width to correspond with the length of each section, and 
reinforced with a 3-іп. bar at each corner with }-in. binders at 0-іп. 


centres vertically. 


The normal wall reinforcement must, of course, 


be inserted, and not omitted for the width of the pillar, which is purely 


a decorative addition of no structural value. 


Expansion joints in a 


stepped wall would naturally be arranged to occur behind some of 


these posts. 


Asphalted Concrete Piles. 


IN all new piling work under its jurisdic- 
tion, we understand the Los Angeles 
Harbour Board has decided to impregnate 
the concrete with asphalte to a depth of 
approximately 14 in. from the surface in 
order to prevent deterioration in sea water, 
and a special plant, on the principle of a 
plant for creosoting wood poles, has been 
installed for the purpose. 

The specification for the manufacture 
of these piles is as follows: 

(1) A concrete mixture of 1: 14:3 is 
poured into horizontal wooden forms. 

(2) A slightly drier mixture is used in 
the outer 2-in. rim of the pile, from a point 
3 ft. below the low-water line to the top 
of the pile. This is accomplished by the 
use of steel plates, which are lifted during 
the pouring of the concrete. 

(3) Pneumatic hammers are used on 
sides and top of forms to produce a 
vibratorv action in the concrete, thus 
producing a dense mixture. 

(4) The tiering of piling under con- 
struction is restricted to three tiers. 

(5) Concrete piling is cured for a 
minimum period of 60 days, and on 
account of progress of treatment some 
piles are cured for as long a period as 130 
days. 

(6) Piles are then placed in an air pre- 
heater for 12 hours at a temperature 
ranging from 100 deg. F. to a maximum 
of 180 deg. F. Free water is driven off 
in this process. 

(7) Piles are 
treating chamber. 

(8) А 23-in. vacuum is maintained in the 
treating chamber for two hours. 


removed to asphalt- 
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(9) Asphalt is admitted to the treating 
chamber at a temperature of 180 deg. F. 
and increased to a maximum of 250 
deg. F. 

(ro) Pressure of 150 lbs. per sq. in. i 
applied for eight hours. 

(11) Asphalt and concrete piling is re- 
moved from treating chamber, piling 
being permitted to cool naturally. 

A number of tests have been made on 
piles made and treated in this manner. 
which, owing to the rich mixture and the 
care in consolidation, have very high 
strengths. 

A summary of average and maximum 
compressive strength for normal and 
treated concrete specimens tested 15: 


NORMAL CONCRETE. 
Average Compressive Strength. 


Age, Days. Lbs. per Sq. In. 
28 4,185 
60 5,025 
100 5,300 
Maximum Compressive Strength. 
Age, Days. Lbs. per Sq. In. 
28 5.570 
оо 0,240 
IOO 7,100 


TREATED CONCRETE. 
Average Compressive Strength. 
4,865 16. per sq. in. 
Maximum Compressive Strength. 
6,070 lbs. per sq. in. 

NorE.— Treated specimens vary jn age 
from 60 to roo days, the average age bens 
80 davs. 

It isexpected that asphalte impregnated 
concrete made on these lines will 
practically permanent in sea water. 


ҮН: DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED A MILES FROM CHARING CROSS. 5. 


4. 

Best Washed Sand . . . . : . . peryard 16 o 

Clean Shingle, 1 in. mesh : . . A Я . : m I4 O 

с " $ in. mesh . А 4 А : è у š ze 15 6 

Thames ballast . 4 4 : 4 : А š š : 7; Io 6 

Broken brick (2 in.) 5 : š " II 6 

Best British Portland Cement (delivered London area). : рег ton 55: to 63 6 

Rapid- Hardening Portland Cement . . . delivered London 10> per ton extra 

‘Super-Cement " š : š : per ton 88s. to 93 o 

“Lightning ’’ Brand Aluminous Cement : 7 š š » 1005. to 105 6 

Ciment Fondu š š š š : : š . works f.o.r. 95 О 

HOARDING FOR SHUTTERING— Sawn. Wrot. 

5. 4. 5. 4. 
lin. . . . . . : : қ . per square 23 6 27 6 
1{ in. . . : š . š š à : Қ! 29 6 33 6 
I} in. . | à à К 35 6 41 0 

SAwN TIMBER FOR STRUTS AND SUPPORTS— 

3 in. by 4 in. . : š š : . from /22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . à : : . » 420 n T 

Мио STEEL RODS FoR REINFORCEMENT— s. d. 

in. to 21 in. Rounds . : : . : : . percwt. 10 6 

iu to $ in. Rounds . : š . 4 : 5 è a IO 9 

| in. Rounds . . . š м II O 

1 in. Rounds . š . T I2 O 
Breeze Slabs per yd. super: 2 in., I/II; 24 in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 

(Based on Contracts up to £2,000.) 

PoRTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do do. in foundation . . š . . . per foot cube I II 
Do. do. in columns : : 5 š ; : sx T 2 1 
Do. do. in beams. А š . , А . ” šš 2 3 
Do. do. in floor slabs 4 in. thick. . . . peryardsuper 6 o 
Do. do. in floor slabs 5 in. thick. : : š T Т 7 6 
Бо. do. in floor slabs 6 in. thick. : қ , ” ii 9 o 
Do. do. in floor slabs 7 in. thick . : : 5 м i lo 6 
Do. do. in walls 6 in. thick. : 8 8 

(Add for hoisting 3s. 64. per yard cube above ground- -floor level. Add for ^^ Ferrocrete " 
Is. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING Соттимс, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 
From $ in. to § in. : : . А : . . . percwt. 22 6 
» din. to ¢ in. : š : š š š š : i 21 6 
{ in. to 21 in 20 6 


EXTRA LABOUR TO BENDS ‘in іп, rods, M.; і-іп. rods, id. ; i і-іп. rods, 114., 
{-їп. rods, 14d. ; }-in. rods, 13d.; j-in. rods, 2d. ; ; I-in. rods, 2}d.; 14-т. rods, 
3d. ; тігіп. rods, 34d. ; 1j-in. rods, 44d.; 14-in. rods, 64. (per bend per cwt.). 

EXTRA LABOUR TO HOOK BENDS: iin. 14.; Ё in., 24.; 4 in., 244., $in., 
3d.; ł in., 34d.; țin., 4d. ; 1in., 44d. ; I} in., 64. ; 11ї,, 74. (per bend per cwt.). 

SHUTTERING— s. d. 
Shuttering and Supports for Concrete Walls (both sides measured) persquare 59 o 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 

Io ft. high : : : : per square 55 o 
Do. do. in small quantities š š e per ft. super O Io 
Shuttering and Supports to Stanchions for easy removal, average 18in. by18in. 


per ft. super 0 11% 

Do. do. as last, in narrow widths. : "A I 1% 
Do. do. to sides and soffits of beams average gin. xd 12 in. 8 20 I 1$ 
Do. do. as last, in narrow widths. : Bet мй I 34 
Raking, cutting, and waste to shuttering . : : | po ft.run o 3 
Labour, splay on ditto . : T o 2 
Small angle fillets fixed to internal angles of shuttering toform cham fer ,. " o 3 


WAGES.—The rates of wages on which the above prices are based are :—Carpenters 
and joiners, 1/94 per hour; Carpenters working on old shuttering, 1/10}; Labourers 
on building works, 1/4}; Men on mixers and hoists, 1/54; Bar-benders, 1/54. 
(* This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyright.) 
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PROSPECTIVE NEW CONCRETE WORK. 


Prospective New Concrete Work. 


AIRDRIE.—Houses.— The Т.С. is con- 
sidering a scheme for the erection of 130 
houses on a site near Woodburn Avenue. 

ALTRINCHAM.—Houses.—The | U.D.C. 
proposes to build 40 houses on the Old- 
field Brow estate. 

ARLESEY.—Howses.— The Biggleswade 
R.D.C. proposes to erect 20 houses each at 
Arlesey, Potton, and Stotfold. 

AYLSHAM.—Houses.—The R.D.C. has 
applied for permission to erect 66 houses 
in various parts of the rural area. 

BARNSLEY .—Houses.—The Corporation 
proposes to build 500 houses. 

BETHESDA. — Concrete Houses. — The 
U.D.C. proposes to erect concrete houses. 

BILLINGHAM. — Houses. — Application 
has been made for permission to build 120 
houses on the High Clarence Road site. 

BisHoP's GREEN.—Bridge.—The Kings- 
clere R.D.C. proposes to construct a bridge 
at Bishop's Green. 

BourRnE.—Road.—The U.D.C. has for- 
warded to the M.T. a scheme for the con- 
struction of a road connecting Bourne 
North Fen and South Fen. 

BRADFORD. — Houses. — The Corpora- 
tion proposes to build 326 houses, at an 
estimated cost of /132,500. 

BRAMHALL.—Footbridge.—The L.M. & 
S. Railwav Co. has been asked to provide 
a footbrilge over the level crossing at 
Cock Walk. 

BURGESS Hirr.—ZHowuses.—The U.D.C. 
proposes to erect 30 houses. 

CAERPHILLY.—Reservoty.—The U.D.C. 
will hold a conference with the Rhymney 
Valley Water Board in connection with a 
proposal to construct a reservoir. 

CARLISLE.—Houses.—The Corporation 
proposes to build 300 houses. 

COLCHESTER.—Houses.—The Housing 
Committee has recommended the T.C. to 
erect 70 houses in Ipswich Road. The 
cost is estimated at £32,650. 

COLCHESTER.—fRoad.—The Corpora- 
tion proposes to spend £2,115 on the con- 
struction of a road to connect Cambridge 
and Maldon Roads. 

CoLNE.—Houses.—The T.C. is prepar- 
ing a scheme for the erection of 100 houses 
on the Holme Farm estate. 

Cookstown. — Houses. — The R.D.C. 
has applied for sanction to erect 86 houses. 

CREDITON.—Houses.—The U.D.C. has 
instructed the Survevor to prepare plans 
for the erection of 25 houses. 

GLOUCESTER.—Houses.—The 
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Housing 


Committee has recommended the Cor- 
poration to erect 360 houses. 

GRIMETHORPE.—Houses.—The Parish 
Council has recommended the R.D.C. to 
build тоо houses. 

HanRow.—Houses.—The U.D.C. has 
applied for permission to borrow {88,150 
for a housing scheme on an estate at 
South Harrow. 

HETTON.—Houses.—The U.D.C. has 
applied for permission to build тоо houses. 

KINGHORN.—Houses.—The Т.С. has 
applied for sanction to borrow (16,000 
for building 40 three-roomed houses in 
Baliol Street. 

LEEDs.—Houses.—The Corporation has 
applied for sanction to borrow £58,000 for 
the erection of 122 houses on the Mean- 
wood estate. 

MARCH. — Houses. — Application has 
been made for sanction to build 50 houses 
in Upwell Road. 

PooLe.—Bridge.—The Т.С. is con- 
sidering a scheme for the construction of 
a bridge and street to replace the level 
crossings in Towngate and High Streets. 

RHvL.—Pier.—The U.D.C. has applied 
for sanction to borrow {11,000 for the 
reconstruction of the pier. 

RocHFORD.—Houses.—The R.D.C. pro- 
poses to build 92 houses in the rural dis- 
trict. 

Ross.—Howuses. — The U.D.C. is con- 
sidering schemes submitted for the erec- 
tion of 50 houses. 

SMETHWICK.—Road.—Application has 
been made for sanction to borrow 23.005 
for the construction of a 50-ft. road from 
Cemetery Road to Church Road. 

STAMFORD.—Road.—A by-pass road i5 
to be constructed to relieve the trattic on 
the Great North Road. 

SwaARBY. — Bridge. — Тһе Sleaford 
R.D.C. proposes to spend {£130 on the 
construction of a bridge at Swarby Ford. 

Tipton. — Bridge. — The U.D.C. pro- 
poses to construct a bridge over the Canal 
in Sheepwash Lane. | 

WAKEFIELD. — Houses. — The Council 
has applied for permission to borrow 
£79,750 for the erection of 150 houses at 
Snapethorpe. 

WALSALL.—Houses.—The T.C. is con- 
sidering a proposal to erect 500 houses. 

YARMOUTH, I.0.W.—Sea Wall.—The 
I.O.W. County Council proposes to con 
struct a sea wall at Yarmouth Common 
Road. 


TENDERS ACCEPTED. 


Tenders Accepted. 


CHIPPING NORTON.—Concrete Houses.— 
The U.D.C. is seeking sanction to accept a 
proposal of the Universal Housing Co. to 
erect 14 concrete houses, at a cost of 
£5,850. 

CHORLEY.—Baths.—The Corporation 
has accepted the tender of Messrs. John 
Dickinson & Co., Ltd., Bolton, for re- 
inforced concrete work in connection with 
the construction of the new baths. 

EMSWORTH. — Concrete Wall. — The 
Warblington R.D.C. has accepted the 
tender of Mr. C. J. Jones, Southbourne, 
near Emsworth, at £375, for the construc- 
tion of a reinforced concrete retaining 
wall. 

FULHAM (LONDON).—Concrete Wall.— 
The B.C. has recommended for acceptance 
the tender of Messrs. J. Mears, Ltd., at 
1215, for the supply of concrete blocks for 
a boundary wall at the North Sheen 


Cemetery. 

Harsrow, KENT.—Concrete Tubes.— 
The Commissioners of Sewers have 
accepted the tender of Messrs. Mears 


Bros., Lewisham, S.E., at £365, for the 
construction of a new sluice of concrete 
tubes with head and wing walls, etc. 
Other tenders submitted : A. E. J. Price, 
1419: E. Weavers, (боо, J. Shel- 
bourne & Co., £843. 

HuLL.—Concrete Bridge.—The Corpora- 
tion has accepted the tender of Mr. I. 
Robinson, 14, Aylesford Street, Hull, for 
the construction of a reinforced concrete 
bridge and sewer syphon across the 
Cottingham drain at Inglemire Lane. 

LEAMINGTON.—Sewage Disposal Works. 
—The Corporation has accepted the ten- 
der of Messrs. G. Law, Ltd., Kiddermin- 
ster, at £57,509, for the construction of 
sewage disposal works, including sedi- 
mentation tanks in mass concrete ; three 
humus tanks, each 32 ft. sq., in mass 
concrete ; and 14 circular filter beds. 

LEwEs.—Concrete Houses.—The Т.С. 
has recommended for acceptance the 
tender of the Universal Housing Co., Ltd., 
at /8,280, for the construction of 20 con- 
crete houses. 

MORDEN (SURREY).—Concrete Houses. 
—The U.D.C. has accepted the following 
tenders of the Triangular Construction 
Co., Ltd. :—{18,079 for 38 concrete 
houses in Cannon Hill Lane; {£29,920 
for 62 concrete houses in Wheatley 
Avenue. 


RocHDALE.—Bridge Extensions.—The 
Corporation has accepted the tender of 
the Norwest Construction Co., Lither- 
land, Liverpool, for constructing in re- 
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MANCHESTER MUNICIPAL 


COLLEGE OF TECHNOLOGY 


DEPARTMENT OF BUILDING 
SESSION 1927-28 


FULL-TIME DAY COURSES 


The Department provides a Full-time Day Course in 
Building Technology, extending over a period of three years, 


for those intending to enter the Building Industry in a 
в. or administrative capacity. 

course provides a broad groundwork of general 
knowledge relating to the functions and organisation of the 
диш жеше gs will equip the student orte develop- 


in any branch of Industry, 
including ны Steelwork and Reinforced Concrete as 
applied to Building Construction. 
ifcstes are granted to students who satisfactorily 
ete the course. 

А candidate for admission to the course will be required 
to pass an Entrance Examination and must be not less then 
16 years of age at the time of entrance. Examinations will 
be held in September and October. 


PART-TIME DAY OOURSES 


Part-time Day Courses are provided in Structural Engin- 
eering, Reinforced Concrete Engineering and Building 
Construction. 


The Session begins e on n 3rd October, 1927. 


Prospectus forwarded free on application to the Registrar, 
College of Technology, Manchester. 


463 


TENDERS ACCEPTED. 


inforced concrete and brickwork the 
extensions of the bridge over the Roch- 
dale Canal at Manchester Road, Castleton. 

SANQUHAR. — Concrete | Houses. — The 
T.C. has accepted a tender for the con- 
struction of 12 concrete houses. The 
houses will be erected on the ‘‘ McConnel ” 
system, and will cost 4315 each. 

TIVERTON. — Concrete Houses. — The 
R.D.C. has accepted the tender of 
Messrs. Andrews & Miller, Uffculme, at 
£18,208, for the construction of 50 con- 
crete houses. 

UTTOXETER.—Concrete Swimming Bath. 
—The U.D.C. has accepted the tender of 
Mr. УУ. A. Porter, Bagots Bromley Farm, 
Staffs., at £1,595, for the construction of 
a reinforced concrete swimming bath, 
160 ft. by 50 ft. by 5 ft. deep. Other 
tenders submitted : Ward & Godbehere, 


£1,774; Fram Reinforced Concrete Со, 
41,822; E. E. Jeavons & Co., Ltd, 
£1,919; Bridge & Engineering Co, 
£2,005; Cumberland Reinforced Con- 


crete Co., £2,239; A. Blair Lyell & Со, 
£2,301; G. P. Trentham, Ltd., £2.381; 
F. Mitchell & Sons, Ltd., £2,437: H. 
Middleton, £2,617; H. Coxhead & Co., 
£2,990; T. W. Pedrette, £3,145. 

WAKEFIELD.—Pipe  Line.—The ТС. 
has accepted the tender of Messrs. Fred 
Whitaker & Co., Ltd., Leeds, for rein. 
forced concrete work in connection with 
the Ryburn pipe line. 

WITHERIDGE. — Concrete Bridge. — The 
5. Molton R.D.C. has accepted the tender 
of Messrs. Fothergill Bros., Ltd., Exeter, 
at /1,908, for the construction of a rein- 
forced concrete bridge and culvert at 
Bradford Mill, Witheridge. 


New Companies Registered. 


BRITISH CONCRETE BREAKING СО., 
Lro. (221386). Registered April 23. 
Concrete, demolition and general con- 
tractors, Corporation Chambers, Сог- 
poration Street, Bolton. Nominal 
capital: £2,000. Directors: J. Makin, 
32, Ainsdale Road, Bolton; W. Hod- 
kinson, 280, Chorley Road, Westhough- 
ton. 

GREAVES, BULL & LAKIN (HARBURY 
Works) Lrp. (221502), 20, Buckingham 
Gate, S.W.1. Registered April 29. 
Manufacturers of cement, etc. Nominal 
capital: £400,000. Directors: H. 5. 
Horne, 27, Park Street; W. J. T. Phelan, 
2, Palace Place Mansions, Kensington, 
W.8; O. J. S. Piper, Ship House, 20, 
Buckingham Gate; S.W.1; Lord Stan- 


Recent Patent 


245,122.—]. W. Thompson: Concrete 
constructions. 

262,394.—E. 1. Lindman: Porous con- 
crete. 


263,124.—]. С. Farbenindustrie Akt-Ges : 
Production of cements. 

267,927.—F. Moser: Concrete mixers. 

268,015.—Concrete Ltd., J. G. Ambrose 
and C. B. Mathews : Concrete blocks. 

268,121.—D. Johnston : Concrete blocks. 

208,255.—A. J. H. Haddan: Distribut- 
ing concrete. 

269,974.—D. De Ros and F. Barton: 
Colouring cements. 
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more, Goldings Manor, Loughton, Essex. 


LION CONCRETE Ркорсст$, Lir 
(221778). Registered May 12. Nominal 
capital: £2,000. Directors: J. B. Lee. 


I, Victoria Walk, Horsforth; T. Har 
greaves, Keldholme, Harrogate Road, 
Leeds; N. Braithwaite, “ Ashville.” 


Woodside, Horsforth ; S. Facer, Villette, 
Brownberrie Lane, Horsforth. 
SURREY CONCRETE PRODUCTS LTD. 
(222040). Registered May 23. Peas 
marsh, near Guildford, Surrey. Nominal 
capital: 42,500. Directors: L. G. Bell. 
“ Northbank," Farnham Road, Guild 
ford; H. L. Bell, G. A. Bell and Alice 
M. Bell, of the same address; and J. 


Thomson, Hatfield, Waterden Road. 

Guildford. 

Applications. 

270,013.—G. O. Case: Process of making 
concrete. 


270,829.— British Reinforced Concrete En- 
gineering Co., Ltd., and E. B. Hall: 
Reinforcement for concrete pipes. 

270,863.—Chatwood Safe Co., Ltd., and 
H. S. Bruckshaw: Reinforcement 
for safes and strong-rooms. 

270,032.--С. Pohlig : Concrete road sur 
face. 

270,956.—C. Е. Holloway: 
structures. 

270,973.—N. Harrison: Plant for the 
manufacture of concrete blocks. 


Concrete 
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EDITORIAL NOTES. 


Lime. 


LIME is one of the most ancient of building materials. There is evidence of its 
use as long ago as 2000 В.С., yet it is one of the last of the building materials 
to emerge from the regions of tradition and rule-of-thumb, both in its manu- 
facture and application. It might even be said that some of the better traditional 
methods have not been maintained, and as a consequence modern results in the 
preparation and use of lime are inferior to those of the ancients. This may well 
be so, because during the Roman era lime was not considered fit for use unless it 
had been slaked for three years, and modern methods of construction do not 
lend themselves to such thoroughness. The reason why lime has not advanced 
with other building materials in coming within the range of scientific control is 
perhaps because of the difficulties of applying scientific tests, and because lime 
is a product essentially for local consumption. The raw material for lime pro- 
duction, whether it be limestone or chalk, is well distributed over the country 
and the user of lime usually procures his supplies from the kilns on the nearest 
chalk or limestone beds, ignoring any classifications based on chemical analysis. 
Broadly speaking, the lime in each district is used for all purposes within the 
builder's requirements, although not complying with the specifications evolved by 
scientists for plastering, or alternatively for mortar work. As a rule the only test 
an ordinary user of lime wishes to apply is one for proper burning, and hitherto 
it has been considered that the eye is the only available judge of this quality. 
Hence it is probable that the simplicity of the requirements of the lime user, 
combined with the difficulties of correctly sampling a material in bulk ranging 
from powder to 6-in. pieces, have been the reasons for the tardy development of 
the industry. 

À step in the right direction has now been taken by the Building Research 
Board in issuing a report on “ Lime and Lime Mortars ” (H.M. Stationery Office, 
price Is. gd.). This pamphlet does not embody the results of research by the 
Board, but is a collection of information derived from the ancient and modern 
literature of the world dealing with the uses and properties of lime. It consti- 
tutes in effect a text-book and should be valuable to the student of any age who 
wishes to obtain a fundamental knowledge of the subject. The classifications of 
lime form an important part of the pamphlet, and although there are admittedly 
three classes of lime—(1) pure white, or fat lime ; (2) hydraulic lime with 20 or 
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30 per cent. of argillaceous constituents, and (3) a class intermediate between 
these two—as has been suggested, the builder will generally employ his local 
material for almost all purposes rather than pay extra transport charges to obtain 
a lime more suited to his particular need at the moment, which may be p laster- 
ing (coarse or fine) or mortar. 

The pamphlet includes specifications for lime which, although described as 
tentative, are somewhat ill-timed in view of the fact that a Committee of the 
British Engineering Standards Association is now working upon the drafting of 
a British Standard Specification. If such specifications as are put forward bv 
the Building Research Board were adopted literally they would appear to be 
disastrous for some lime-burners, and would lead to increased cost in building. 
For example, for use in mortar, lime containing more than 85 per cent. of calcium 
oxide is not to be used except with pozzolanic additions such as burnt clav or 
crushed brick ; and for “ fine stuff ” for plastering it is stipulated that the lime 
must contain not less than 95 per cent. of oxides of calcium and magnesium. 
Such recommendations can only be adopted in some districts at additional expense 
in importing lime from distances, and they appear to ignore the fact that lime 
not complying with the specifications has been used for many centuries with 
acceptable results. The specifications are in fact counsels of perfection, and while 
probably leading to the production of better results in practice they must be 
adopted with great caution and with careful consideration of the existing con- 
ditions in the particular districts concerned. 

Some prominence is given by the Building Research Board to pozzolani 
materials which have the faculty of combining chemically with lime and forming 
a stronger mortar than lime and sand alone. Such additions to lime have not 
received much attention in this country because of the scarcity of suitable natural 
material, but on the Continent pozzolana, trass, and gaize, as they are variously 
known, are extensively used. Crushed brick is sometimes a suitable substitute 
for natural pozzolana, and apparently the Building Research Board is exper 
menting with artificially-prepared pozzolanas such as clay baked at certain 
temperatures. 

One of the chief characteristics of lime is its plasticity, and this property 
becomes very important in plastering work. Until quite recently the plasterer 
himself was the only judge of plasticity, but the pamphlet describes an apparatus 
known as the Emley Plasticimeter which aims at a definite measurement of 
plasticity. If the apparatus gives results in line with the plasterer's judgment 
it will be a very substantial advance in the scientific control of lime production and 
application. The pamphlet sets out the advantages of using hydrated ог ready- 
slaked lime in the form of a powder compared with the laborious and usuallv 
inefficient pond-slaking method that is adopted by the builder who buys lump 
lime. Chapters on the common faults in plastering with practical remedies and 
on the preparation of lime washes and cold-water paints are also useful parts of 
an interesting publication. 


“ Re- Tempering " Concrete. 


IT is one of the canons of good concrete making that the concrete must not be 
re-tempered, or “ killed," implying that the concrete must not be disturbed after 
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the setting of the cement has commenced. This is such a well-established axiom 
that when a concrete made with irreproachable materials fails to harden satis- 
factorily the reason репетаПу accepted is that the cement must have been “ killed.” 
But those whose duty it is to report upon concrete failures, and who have been 
compelled to advance this time-honoured excuse in default of any other, have 
frequently felt uncomfortable on account of the evidence, known to the few 
who have studied the matter, which tends to show that the “ killing ”” of concrete 
is not always so disastrous as the text-books and specifications suggest. 

During the pre-British Standard Specification days, and during the period 
when medium-setting cement was 1n demand, thousands, if not millions, of tons 
of cement having initial setting times of ten minutes or less were used with com- 
plete satisfaction, and there can be no doubt that a large proportion of this cement 
was “ killed " in use. Moreover, even at the present day it is a recognised part 
of the concrete floor-layer's art to apply the finishing touches to the floor after 
setting has commenced. Or again, one of the plasterer's devices for the patching 
of concrete is to mix concrete or mortar overnight, with the addition of a little 
alum to retard the setting, and then to re-gauge in the morning. Such mortar 
is, of course, thoroughly re-tempered, but it is claimed by the plasterer to be 
fatter and less liable to contraction than freshly mixed mortar, and therefore 
suitable for patching work. Actual experience goes to prove that the operation 
in skilled hands is a successful one. Finally, some interested in the subject of 
the re-tempering of concrete have gone farther, and have made laboratory tests 
of re-tempered concrete which in several cases have shown it to be stronger than 
concrete which has been treated in the orthodox way. 

Up to the present these unorthodox views on the treatment of concrete have 
been kept in the background, but so far as America is concerned the “ truth 15 
out ” because one of the foremost experts in America, Professor Duff Abrams, 
has publicly expressed the opinion that the old impressions concerning the subject 
of re-tempering are largely erroneous, and concrete would be improved by keeping 
for 30 minutes to three hours before placing. It would not be reasonable, how- 
ever, to read this statement of Professor Abrams, nor to interpret the experiences 
referred to at the commencement of this note, as a justification for ignoring the 
old rules and permitting the setting time of cement to be entirely disregarded in 
the concrete-mixing operation. If concrete is to be re-tempered, the re-temper- 
ing must be done in a methodical manner. There is room for elementary research 
in this matter to determine the best conditions for re-tempering concrete, and 
with present knowledge all that can be safely said is that re-tempered concrete 
must not be allowed to become stiff or friable, but must be kept continuouslv 
plastic until finally placed in position. Second, once concrete has been mixed 
into the usual plastic consistency, no more water must be added ; if during the 
process of re-tempering the concrete cannot be kept plastic without the addition 
of more water, then the batch must be discarded. 

The value of re-tempering probably lies in more intimate mixing, in more 
complete hydration of the cement particles, and a more complete absorption of 
the surplus water by the cement particles. The first two factors lead to addi- 
tional strength, while the third factor of more complete absorption of water helps 
to reduce the contraction due to drying. It is important to remember, more- 
over, that re-tempered concrete is inevitably slower in hardening than normal 
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concrete, and also there is greater need for more complete curing of the concrete 
after laying. Great care must be taken that the re-tempered concrete is kept 
continuously moist for a week. There is reason to believe that if the operation 
of concrete mixing could be continued, possibly intermittently, for several hours, 
the resultant concrete would be considerably better in the end, although slower 
in developing its strength. Any prolonged mixing of concrete does not commend 
itself under present conditions on the score of expense; but it is possible to 
visualise a new procedure whereby a larger bulk of concrete could be mixed for 
a longer period, thus tending to mass production on a larger scale, and so counter- 
acting the heavier cost resulting from the greater expenditure of power in pro- 
longation of mixing. 

The comparatively small amount of experimental work that has been done 
suggests that all cements may not lend themselves to re-tempering, and those 
who may be tempted to apply the principles here referred to should be cautious 
in their operations. The concrete-making industry has not long emerged from 
the rule-of-thumb stage, and is still in its infancy as a scientific and controlled 
operation. Great possibilities can be seen in developments of the mixing process, 
and now that an opinion with authority behind it has been expressed on the 
subject of re-tempering, there is no reason why the matter should not be 


developed. 
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The New Horticultural Hall. 
150-FEET SPAN GIRDERS CARRYING 270 TONS. 


THE new Horticultural Hall, now nearing completion at Westminster for the 
Royal Horticultural Society, is of particular interest because its design both on 
the architectural and on the engineering sides contains unusual features. Some 
preliminary drawings of the work are given in our issue for May, 1926, and we 
are now able to give some further detail drawings (pp. 469-478). 

The main hall contains a central bay 72 ft. in width by 150 ft. long, on each 
side of which is an aisle 26 ft. to 28 ft. wide. The central bay is spanned by con- 
crete arches, 58 ft. high from ground floor level, which carry a series of clerestory 


Fig. 1.—New Horticultural Hall during Construction, 
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New Horticultural Hall during Construction. 
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THE NEW HORTICULTURAL HALL. 


windows and roof flats forming a progression of steps, all of which are clearly 
indicated on the cross section in Fig. 5. The two side aisles are roofed with a 
horizontal concrete slab, which is pierced for overhead lighting. 

This special design, which resembles certain developments from abroad, is 
new to this country, and besides being of great interest architecturally serves to 
produce a most uniform and agreeable lighting to exhibits placed anywhere in 
the hall, and the architects are to be congratulated on the boldness and beauty 
of their design. 

The chief interest of the work from the constructional point of view lies in 
the design of these arches and in the steps which have to be taken to provide 
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them with suitable abutments to receive the thrust without departing from the 
arch lines which the architects desired. Had the arches been parabolic from 
ground floor upwards the thrust of the arch could of course have been resisted at 
ground floor level, where a suitable tie from side to side could have been accom- 
modated. This, however, was architecturally undesirable and the actual form 
of arch was such that had it depended on a thrust at ground floor level for its 
stability the eccentricity of thrust (or the bending moment) near first floor level 
would have been so great that apart from cost the members could not have been 
made strong enough in anything like the space allowed for them. This difficulty 
could have been overcome if the thrust could be exerted at the level of the flat 
roof over the side halls, but the side aisles themselves have very little rigidity 

laterally and no tie across the centre bay at this level was permissible. 
The problem was eventually solved by treating the flat roofs to the side halls 
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Fig. 5.—New Horticultural Hall: Plan and Section. 
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as horizontal girders of 150-ft. span and 26 to 28 ft. in depth. These girders 
receive at each pier the horizontal thrust from the arches and transmit it to the 
ends of the girders where the reaction 1s formed by reinforced concrete ties spanning 
right across the hall ; ties in these positions were unobjectionable, as they could 
be accommodated in the end walls of the building. The horizontal thrust from 
each arch amounts to 45 tons, so that each girder has to carry a load of 270 tons 
on a 150-ft. span and the ties at the two ends each carry a load of 135 tons. 

The details of the girders are shown in Figs. 3, 7 and 8, from which it can be seen 
that on the tension side of these girders there are thirty-three 1}-1n. main tension rods 
and on the compression side fifteen 11-ш. main compression rods, in addition to 
transverse and diagonal shear reinforcements. As it was impossible in the space 
available to joint the main rods by lapping and hooking, and it would have been 
quite impracticable to make them the full length of the girder without joint, 
after careful consideration it was decided to connect these rods by screwing, as 
indicated in Fig. 4. The cost of the screwed ends has to be reckoned with, but 
at each joint a saving of 5 ft. or 6 ft. of rod is effected as well as the cost of 
forming the hook, even if space had been adequate to allow of lapping. The 
arrangement of rods is carefully designed so that as few screwed joints as possible 
occur in the same place, and not more than two out of eleven rows are screwed 
at any one section. 

Tests on the screwed joints have been made and gave an ultimate strength of 
28-4 tons for each screwed connection, which agrees well with the calculated 
strength. The flange force in each girder amounts to 600,000 lbs. 

At one end of the building the tie connecting the two large horizontal girders 
is reinforced with eighteen 14-ш. rods with screwed connections. At the 
other end the tie also has to act as a wind girder to resist the wind pressure on the 
great end wall of the hall; here it has to be increased considerably in size so 
as to resist the combined tension and bending, and it is 3 ft. 6 in. wide by r ft. 
6 in. deep, reinforced with thirty-eight 1}-in. rods. 

Beyond the hall is the. office block also constructed entirely of reinforced 
concrete. | 

The Architects are Messrs. Easton & Robertson, F. & A.R.I.B.A.; the Con- 
sulting Engineer is Dr. Oscar Faber, O.B.E., D.Sc., M.Inst.C.E. 
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Fig. 6.—NEW HORTICULTURAL HALL: m 
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Pre-Cast Cylinders for 37-ft. Diameter Tunnel. 


А TUNNEL, in which pre-cast concrete 
segments 203 ft. long by 37 ft. in diameter 
are being used, is now being built beneath 
the estuary that divides the cities of 
Oakland and Alameda, California. There 
are twelve of these large cylinders, which 
are being made on shore and towed to 
position. '' Engineering News-Record,” 
from which the following particulars of 
the work are taken, states that there is 
no precedent in floating such large pre- 
cast cylinders into place and sinking 
them into position. The walls of the 
cylinders are 2 ft. 6 in. thick, and tem- 


porary bulkheads are built on to them . 


before floating, so as to keep them 
buoyant. 

A trench with side slopes of about 1 to I, 
was first dredged in the bottom of the 
river, and a layer of concrete 3 ft. thick 


tps. 


eI NT 


placed in the bottom. At places, owing 
to the softness of the river-bed, piles were 
sunk to carry the cradle of the tunnel. 
The sides of the trench were covered with 
concrete 3 ft. thick, placed under water. 
Into the concrete cradle thus formed was 
placed a layer of sand 3 ft. thick to act 
as a cushion for the pre-cast cylinders. 
The segments are towed into place and 
sunk. It is found that a layer of sand 
4 ft. thick spread over the floor slab 
within the cylinder adds 50 tons to the 
weight of the cylinder, when it is wetted 
with water. Water is then admitted to 
the compartment beneath the floor slab 
until sufficient has been admitted to 
cause the cylinder to sink. After they 
have been sunk into position, more water 
is admitted so that they will be sufficiently 
heavy not to move. Sand 18 then 


Towing Pre-cast Section to Site. 
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pumped into the space between the 
cylinders and the sides of the trench. 
Joints between the segments are made 
good by concrete placed beneath water. 

For casting the cylinders use was made 
of two dry docks, about seven miles 
distant from the tunnel. 

The dry dock, which was designed 
solely for vessels, has along its centre 
line as a keel support a heavy concrete 
pier below floor level. The concrete over 
the remainder of the bottom is only about 
18 in. thick—not quite sufficient to carry 
the weight of the pre-cast sections. 
Hence 12 in. by 12 in. timbers were laid 
down on the floor as a foundation on 
which to place the concrete forms. These 
timbers were accurately spaced and 
levelled so that they would come under 
the semi-circular steel trusses which sup- 
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port the concrete forms in the lower half 
of the tube segments. Under the curved 
segments the timbers were arranged 
radially to conform to the radial location 
of the trusses. 

These semi-circular trusses, 61 ft. apart, 
support all concrete and forms below the 
horizontal diameter of the segments. Оп 
the inside faces of the trusses is а wood 
nailing strip to which a lagging of 2-in. by 
I2-in. planks is lightly tacked. On the 
inside of the lagging is placed a 3-ply 
waterproofing, consisting of impregnated 
cotton cloth capable of withstanding a pul! 
of до lbs. per lineal inch. This cloth is 
embedded in four layers of asphalt 
mopped on hot, thus finishing the outer 
surface of the form against which concrete 
is to be poured. 

The steel in the lower half or invert of 


эв ........с...... ГҮ" LI 


4% Unset f£ әу УУ? MN | 

| sheetpiling X p 

r š w А : 

| “. s 

* og : 

И » i: 

е) СРРИРИЕРУ /6' ° we | 

Ж. m. n " ? 

Кд "C.I pump tL : 1 

J discharge d КЕР S/ae walk --3.. I и 

TE ae Q OS ` 2 «89486282 TT - BE! 40' 

|g" ‘Pavement Tr- | 
Dt : + U Г) 
дан =w= ; 

$ Ж /6" |: 
Ne у Fresh: in duct : 
\ 2 < n _, Е 
` : 1: 

Y E 

S Ё 


Intermediote Half-Section 


Half-Section at End Collar 


Section of Pre-Cast Tunnel Cylinder. 
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the segment is then placed and the inner 
steel forms are jacked into position, after 
which the lower part of the cylindrical 
shell up to the floor level, and containing 
about 700 cu. yds., is poured in one соп- 
tinuous operation. After a period of 
three days for setting the floor slab is 
poured with the use of travelling forms 
made up into sections about тоо ft. long 
so that only two set-ups are required for 
each 203-ft. segment. With the excep- 
tion of the centre support, each pour is 
given two days to set before moving the 
forms. When the slab floor is old enough 
to carry load, a wood-frame traveller, 100 
ft. long and hinged at the crown, is placed 
on the floor and by means of jacks 
adjusted to position as a guide for placing 
the reinforcing steel of the upper half, or 
arch. 

The outer forms for the upper half of 
the tube are much the same as those used 
below, except that the curve, of course, 
is inverted and the steel trusses form 
an arch. On the underside of the trusses 
2-in. planking is used to complete the 
outer form. 

Reinforcing steel in the arch is in the 
form of two grillages of $ to 1-in. steel 
bars, one near the outer surface and one 
near the inner face. The longitudinal 
bars are spaced on 6-in. centres and cir- 
cumferential bars on 12-in. centres. The 
rods are kept 2} in. from the forms by 
small concrete blocks wired to the rein- 
forcement at 6-in. centres each way. The 
reinforcement is supported and held in 


place by bolts to fasten it to the trusses 
above. Concrete is poured through open- 
ings left in the planking. 

After the concrete has set, planks and 
trusses are removed and then, unlike the 
procedure in the lower portion, the water- 
proofing and the timber lagging to protect 
the waterproofing are put on the upper 
half as a separate finishing operation. 

Thus three separate pours are made 
on each 203-ft. segment; the first com- 
pletes the invert up to the floor line, the 
second completes the floor slab, and the 
third (comprising about two-thirds of the 
shell) completes the arch After the 
sections are in position on the river 
bottom a fourth concreting operation is 
poured over the roadway to close it off 
from the air-passageways and the side 
walls. 

Because of the large amount of steel, 
the limited clearances in the forms, and 
the difficulty of spreading, it was not easy 
to place the concrete, even with openings 
in the forms at four different levels. 
Pouring was therefore simplified by catch- 
ing the concrete from the ends of the 
chutes in goose-neck funnels, through 
which it was led to openings in the 
forms and directed downwards inside 
them. 

Steel forms, in 21-ft. sections, were 
used for the inner and outer shuttering 
of the upper portions of the cylinders, 
each section being hinged at the crown 
for convenience of moving. Between 
set-ups the inside forms move along tracks 
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of 24-ft. gauge inside the tube and, when 
in place, vertical jacks raise the crown 
while others, placed horizontally, force 
the side walls out and hold them rigidly 
in the prescribed position. 

Some of the sections arecurved. These 
are to fit a location laid out on a 1,273-ft. 
radius, but inside the tube this curve will 
be made up of a series of 21-ft. chords. 


That is, the steel forms are built on 
straight lines, and on the curve the forms 
will be set at a slight angle to make the 
desired curve, a wooden filler being put 
in between the ends of adjacent settings 
to take up the open space along the outer 
edge. This filler varies from a feather- 
edge at the inside of the curve to a width 
of about 10 or 12 in. on the outside. 


Bideford- Northam Concrete Road. 


THE Bideford and Northam by-pass 
road illustrated has been constructed 
partially on the old track of the Bide- 
ford, Northam, Westward Ho! and 


Appledore Railway, which was taken up 
and sent to France during the war. 
The total cost of the road was approxi- 
mately £30,000, and its length is about 
It is laid in 


three-quarters of a mile. 


and edging. The wall on the left of the 
photograph is of i» situ concrete, the 
“ joints" shown being obtained by the 
use of V-shaped strips on the inside face 
of the shuttering. Beneath the road are 
concrete tubes from 9 in. to 30 in. 
diameter, made and supplied by the 
Manufactured Concrete Works, Ltd., of 
Barnstaple, who also supplied the pre- 


Bideford—Northam Concrete Road. 


two courses, with Bideford gravel for 
the aggregate of the bottom course and 
granite for the top course. Included in 
the work was the construction of three 
culverts of ro-ft. span, which were also 
carried out in reinforced concrete. 

lhe concrete posts shown in the 
photograph were made by the contractors 
on the site, as also was the concrete kerb 
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cast concrete manholes for this work. 
The road is reinforced with В.К.С. 
fabric. 

The engineer for the work was Mr. 
R. S. Stone, Engineer of the Devon 
County Council Northern Division; Mr. 
F. J. Harris acted as resident engineer. 
The contractors were Messrs. S. & 
Smethurst, Ltd., of Oldham. 
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FADING OF COLOURED CONCRETE. 


Efflorescence and the Fading of Coloured 
Concrete. 


EFFLORESCENCE in its literal sense is the 
presence of flowery or snow-like bunches 
of white crystalline material on the edges 
and surface of concrete. It can only be 
derived from the materials in the concrete 
or from brickwork adjacent to it. Where 
the crystalline nature of the efflorescence 
is well pronounced it is generally found on 
chemical analysis that it is an alkaline 
salt, such as sulphate of soda, the origin 
of which must be sought in the consti- 
tuents of the concrete. 

Taking the three components of con- 
crete, viz. aggregate, cement, and water, 
it is not usual to find alkalies in aggregates 
such as gravel, sand and stone, but broken 
brick and clinker occasionally contain 
alkalies giving rise to efflorescence. It is 
very rare for modern cements made from 
normal raw materials such as chalk, lime- 
stone, and clay to contain appreciable 
quantities of alkali, because the tempera- 
ture of calcination 15 usually high enough 
to drive off any small percentage of alkali. 
Cement produced from by-product raw 
materials may be open to suspicion on this 
account, but chemical analysis of the 
cement will decide the point. 

Water from springs, wells, and water- 
courses is usually free from proportions of 
alkali sufficient to cause efflorescence, but 
the use of sea-water with about 3 per cent. 
of soluble salts for mixing concrete may 
give rise to slight efflorescence. 

Efflorescence of this nature is caused by 
the soluble salts in the concrete drying out 
on the surface. In some cases there is 
chemical interaction between the lime or 
gypsum in the cement and the alkaline 
salts in the aggregate or water, but the 
effect in the production of efflorescence 
is still the same. Such efflorescence is 
most prominent in new concrete, because 
on work exposed to the weather it is 
washed away by rain, although a fresh 
crop of incrustation is liable to appear 
again in dry weather until the whole of 
the soluble alkaline salts have been re- 
moved by weather. The efflorescence 
can be washed off with water, or better, 
with a weak solution of hydrochloric acid, 
as this will remove carbonate of lime 
which may also be present. Repeated 
washings are usually needed to get all 
the salts out of the concrete. 


4 
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Efflorescence causing the fading of 
coloured concrete goods is of another 
order. Such goods are usually made of 
standard brands of cement, clean sand 
and pure water, and as the only abnormal 
addition has been the colouring matters, 
these have frequently been suspected as 
the cause of subsequent fading. Red 
oxide of iron, which is the most widely 
used pigment in concrete, is hardly likely 
to contain alkalies, and analyses of several 
samples from various quarters have 
eliminated it from suspicion as the cause 
of efflorescence or fading. 

Analysis of the surface film of faded 
concrete tiles has shown it to be composed 
of carbonate of lime. It is generally 
agreed that set cement contains hydrate 
of lime which on exposure to the atmo- 
sphere is converted into carbonate of lime, 
but although this constitutes a reasonable 
explanation of the fading of concrete it 
does not give the reason for the fact that 
the phenomenon is spasmodic and not 
universal. 

It is not an uncommon experience that 
one batch of concrete tiles will fade in 
course of time while others made at the 
same factory under apparently identical 
conditions retain their colour. Some 
manufacturers have been immune from 
the annoyance, while others using similar 
materials and methods have periodically 
suffered from the production of coloured 
concrete liable to fade. 

Atmospheric conditions appear to con- 
stitute the only changing factor, and as 
a means of ascertaining the effect of 
extremes of atmospheric conditions col- 
oured concrete goods of the same produc- 
tion have been preserved in the one case 
in an atmosphere free from carbon 
dioxide, and in the other case in air with 
an addition of carbon dioxide. In the 
former case there would be no opportunity 
of forming a film of carbonate of lime, 
while in the latter case there would be 
every inducement to do so. These 
experiments have shown, however, that 
red concrete tiles, whether preserved in 
an atmosphere of carbon dioxide or in an 
atmosphere free from carbon dioxide, 
retained their original bright colour. 

It is certain that the tiles kept in an 
atmosphere of carbon dioxide must have 
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acquired a layer of carbonate of lime at 
the surface, but evidently not of sufficient 
thickness to cause ''fading." Thus by 
the process of elimination and reasoning 
the conclusion is reached that the dis- 
coloration or fading of coloured concrete 
only occurs when a sufficient quantity of 
carbonate of lime accumulates at the 
surface to obscure the original colour. 
This accumulation may be due to one of 
two causes; first, an undue proportion 
of cement (containing its percentage of 
hydrate of lime set free during setting) 
тау have been brought to the surface by 
the use of an excess of water in the con- 
crete or by excessive trowelling of the 
surface ; or second, capillary action may, 
in a piece of concrete which is alternately 
wet and dry (such as under exposure to 


weather), cause the hydrate of lime which 
is disseminated throughout the соп- 
crete to come to the surface cumula- 
tively until there is sufficient to form a 
white layer on carbonation and affect the 
colour. 

The capillary action cannot take place 
if the concrete is dense and impermeable, 
and thus it is reasonable to assume that 
the spasmodic instances of fading tiles 
experienced by manufacturers are іп 
most cases due to porosity. Such occa- 
sional porosity may be caused by the 
mortar being made too dry, or by in- 
sufficient cement, ог by an unsuspected 
lack of finer particles in the sand. The 
prevention of fading therefore seems to 
be possible by maintaining a close super- 
vision on the density of the concrete. 


Questions and Answers relating to Reinforced 
Concrete. 


Readers are cordially invited to send in questions relating to concrete. These 
questions will be replied to by an expert, and, as far as possible, answered at 


once direct and 8 


ntly published where they are of sufficient general 


inlerest. Readers should supply full name and address, but only initials will be 
published. Stamped envelopes should be sent for replies.—ED. 


Loads on Slabs. 


QuEsTION.—In his article in your May 
number Mr. Ewart S. Andrews explains 
clearly how to determine the area over 
which a point load on a slab may be con- 
sidered as being distributed. 1 wish to 
know how to find the bending moment for 
this load, or for any load which is dis- 
tributed over part of a slab or beam ; also 
how to treat the reinforcement required. 
Further, what is the proper method for 
finding the bending moment in the case 
of a rolling load, say a heavy lorry, on 
a slab? 15 it correct to take it as 

W(21 — a)? 
164 
where 41 = span; a = distance between 
loads ? 

In the case of a main beam carrying two 
or more concentrated or point loads, as 
from secondary beams, would it be correct 
to take the total of these loads and take 


7 


6 


: 7| 
beam with free ends and — for a con- 


the bending moment as being for a 


tinuous beam ? 


G. H. BRISCOE. 
Conway. 
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ANSWER.—If the length of the load is 
c parallel to the span /, the maximum 
W (al — 
мэн and if 
there are two equal loads each equal to 
W, at a distance a apart parallel to the 
span, the maximum bending moment will 

W(2l — a)? 
be — the formula quoted in the 


bending moment will be 


enquiry is correct if W is the total load. 

The above values are those for a вітріу- 
supported span; for continuous spans 
suitable reduction should be made. and 
an approximation which is sufficiently” 
accurate for most cases in practice is to 
take for a continuous span two-thirds of 
the bending moment for а simply-sup- 
ported span. 

In the case of the main beams carrying 
point loads from secondary beams. the 
correct bending moments to be taken 
will depend upon the number of points. 
In the case of secondary beams at the 
third points the formula given is approx- 
imately correct if W is the total load on 
the area supported by the main beam. but 
it is better to find the reactions coming 
from the secondary beams and find the 
bending moments on the main beams by 
the usual theoretical methods.—E. 5. A. 
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RAPID-HARDENING PORTLAND CEMENT. CONCRETE) 


Economy of Rapid-Hardening Portland 
Cement. 


In Germany, as in this country, there are on the market a number of cements 
with rapid-hardening properties and with higher resistance to stress than the 
ordinary Portland cement possesses. Special provision is made in the German 
regulations for the use of these cements in reinforced concrete work. 

In Czechoslovakia the Government has lately carried out a series of expen- 
ments, under the direction of Professor Gessner, of Prague, in order to ascertain 
by how much the customary quantity of cement per cubic yard of concrete might 
be diminished if high-strength cements were substituted for ordinary Portlands. 
A full report, accompanied by tables and graphs of Professor Gessner’s work, has 
now been published, and from this the following summary is compiled. 

Two cements were tested, an ordinary Portland and a high-strength cement. 
The latter is denoted by the letter “ A” in this article. The tests were carried 
out, using German standard sand and compacting the briquettes with the 
Böhme hammer. The results are given in Table т in lbs. per sq. in. 


TABLE I. 
Age 2 days 7 days 28 days 28 days 
. Com- . Com- Я Com- : Сот- 
Cement | Tension pression Tension pression Tension pressio Tension | pression 
A 365 4250 43° ” 6300 494 7460 535 8310 
B 244 3130 324 4459 430 5250 580 7510 
Storage ! In water Combined 


In testing the concretes, which were hand-mixed, four different mixes were 
used. These were 400, 360, 300 and 200 lbs. of cement to each cubic yard of 
concrete. With the richest concrete 15 per cent. by volume of water of the 
dry materials was used, and this percentage was reduced to 12:9, 10°6 and 8-2 with 
the leaner mixes; thus the water to cement ratio was kept constant. 

For direct compression tests 4-in. cubes, cast in steel moulds, were employed. 
Control beams, made to Dr. Emperger’s specification, were used to determine 
the compressive strength of the concrete when submitted to bending. Steel 
bars were cast in 4-inch concrete cubes in order to test the bond strength. 
Tables 2 and 3 record the results of the compressive tests. 

It will be seen from Table 2 that when high-strength cement is substituted 
for Portland in members subjected to direct compression only, considerable 
economy results, as a leaner mix may be used. However, in the case of beams, 
the reduction of cement per cubic yard of concrete is more limited. Professor 
Gessner recommends a minimum cement ratio in this case of 360 lbs. per cubic 
yard, which roughly corresponds to a I : 3:6 mix. 

Table 4 shows how rapidly the bond strength decreases as the mix employed 
is made leaner in cement.—W. S. G. 
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TABLE 2.—COMPRESSIVE STRENGTHS OF CUBES IN LBS. PER SQ. INCH. 


Age in days. 


Cement. Lbs. of cement per 
cu. yd. of concrete. 
2 7 21 42 

` 52 1759 2499 3390 4650 

399 1270 1940 3120 3680 

300 739 1500 2710 2840 

pin бїо 1150 1860 2310 

с Мн 420 1419 1590 2000 

= Í 910 1270 1680 

2 256 840 1220 1350 

нады. 142 709 853 995 


TABLE 3.—COMPRESSIVE STRENGTH IN BEAMS IN LBS. РЕК SQ. INCH. 


Age in days. 
Cement. Lbs. of cement per 
cu. yd. of concrete. | 
2 | 7 21 42 
| = 
А 400 1265 | 2o3o 4140 4350 
360 866 1820 3210 3710 
300 — | — 20109 31409 
200 — — 1930* 3060 
B 400 384 | I150 I420 1622 
360 379 938 1360 1460 
300 == | тэ 952 13809 
209 = | PS 796* 853 


— — —- — Y F "nF — n y - — - © — MÀ -.---- — ——— 


* Denotes failure through bond stress. 


TABLE 4.—BoND STRENGTH IN LBS. PER SQ. INCH. 


Age in davs. 
Lbs. of cement per 
Cement. cu. yd. of concrete. | 
2 | 7 2I 42 
| _ 20 2 

А доо 376 456 535 299 
360 295 | 357 201 039 

300 196 315 379 541 

о 118 203 | 205 358 

B 400 114 | 234 395 432 
360 106 182 275 332 

300 80 | 115 220 321 

200 39 | 95 136 204 
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NEW KELVIN HALL OF INDUSTRIES. 


The New Kelvin Hall of Industries, Glasgow. 


By W. L. SCOTT, M.Inst.C.E. 


Тнк new Kelvin Hall of Industries is built 
upon the site of the former structure, 
which was destroyed by fire in July, 1925. 
Ihe Corporation, at the outset, decided 
that the New Kelvin Hall must be a 
dignified edifice, fit to take its place in the 
important group of buildings in the 
immediate vicinity, and that it must be 
fireproof and thoroughly equipped. The 
City Engineer, Mr. Thomas Somers, 
M.Inst.C.E., was entrusted with the 
design and supervision of the erection of 
the new building. 

The Argyle Street frontage of the new 
structure is set back to provide space on an 
island platform for pedestrians entering 
and leaving the building, and a carriage 
drive leads to a covered portico for 
motorists. 

The building is in three distinct por- 
tions: (р) the Administrative Block 
abutting Argyle Street ; (2) the Маш or 
Exhibition Hall with its adjuncts, com- 
prising tea room, platform, reception 
room; and (3) the store block, which 
includes the electricity sub-station on 
part of its lower ground floor. 

Fig. 1 (pp. 506-7) gives the general plan 
of the building, and shows clearly the 
accommodation provided. 

The red-sandstone front pf the Adminis- 
trative Block is colonnaded on the ground 
floor, and for this purpose the Doric order 
is employed. At each end a massive 
tower, surmounted by а lead-covered 
dome and obelisk, rises to a height of 65 ft. 
А pillared portico occupies the lower part 
of the centre of the frontage, behind which 
rises the wall of the conference hall. Two 
square towers, with vertical treatment to 
offset the horizontality of the frontage in 
general, rise to a height of 100 ft. Each 
tower terminates in a lead-covered lantern 
which supports a bronze Globe, symbolis- 
ing the all-embracing and universal pur- 
pose of the new building. The lanterns 
can be illuminated at night. The attic 
stories of the wings have high-pitched 
roofs covered with red tiles. 

Fig. 2 (p. 488) shows the Argyle Street 
frontage. The treatment of the external 
walls of the main hall is of a simple yet 
effective description, obtained by ordered 
fenestration and the use of bricks of vari- 


compatible with strength. 


ous colours. The design of the doorways 
of the wide exits with their broad stairways 
expresses their secondary importance. 
The difficulties in designing these external 
walls may be appreciated when it is 
stated that the floor level of the main hall 
is I6 ft. lower than one point of Blan- 
tyre Street, and 14 ft. above a portion of 
Bunhouse Road; there is also a fall of 
28 ft. in the frontage to Old Dumbarton 
Road. 

Apart from the fact that this new 
exhibition building is probably the most 
up-to-date of its kind in existence, it is 
noteworthy both on account of the size of 
the main hall and the type of construction 
employed. The area enclosed by the 
walls of the main hall is 171,000 sq. ft. 
and is covered by three roof spans of 
IIO ft. and one span of 60 ít. The 
lengths normal to the spans are 458 ft. 
and 331 ft. respectively. For comparison 
it may be stated that the exhibition space 
of Olympia, including the new hall but 
excluding the gallery, is 212,380 ft. sq. 
The area of the Agricultural Hall, Isling- 
ton, including the annex and arcade but 
excluding the gallery, is 128,300 sq. ft. 

One of the main objects which had to be 
kept in view when designing the roof of 
the main hall was to have few pillars, and 
these as small in sectional area as possible 
In this vast 
area, there are only twenty-two isolated 
columns ; these are of reinforced concrete, 
octagonal in section, 24 in. in diameter. 

Fig. 4 shows the interior of the main 
hall. The main roof, supporting columns 
and foundations, together with the skele- 
ton framework, floors and roofs of the tea 
room, stores building, etc., are of rein- 
forced concrete, the consulting engineers 
for which are Messrs. Considére Construc- 
tions, Limited, of Westminster. The 
whole of the reinforced concrete work in 
the Main Hall is entirely detached from 
the surrounding work. 

The size of the various reinforced con- 
crete members forming the roof trusses, 
valley beams, etc., have been kept down 
to the minimum consistent with safety. 
The entire structure of the main hall, 
including the external columns, gable ends, 
etc., is equivalent to a slab laid over the 
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floor 84 in. thick. This thickness does 
not include the external walling or founda- 
tions, the latter of course depending upon 
the nature of material upon which they 
bear. This thickness of 84 in. is excep- 
tionally small having regard to the height 
of the roof, the distance from the floor to 
the intrados of the centre arched span 
being 52 ft. Moreover, the superload 
specified and allowed for is equivalent to a 
crowd of 50,000 adults standing on the 
roof at the same time. 

In addition, the calculation of stresses 
in the various parts of the work had to 
comply with the regulations and require- 
ments of the Dean of Guild Court. This 
authority, under the technical direction of 
the Master of Works and City Engineer, 
acts in a similar capacity to the Building 
Department of the L.C.C., and the regula- 
tions imposed by it, although not so 
exacting in detail as is the case with the 
existing L.C.C. Regulations, are suff- 
ciently so to ensure adequate protection 
of the public interests it represents. 

Fig. 3, a cross section of the main hall, 
illustrates the type of roof employed. 
Each span comprises a number of arch 
vault slabs and glazing. The columns are 
arranged in the longitudinal direction at 
every third truss, i.e. at 55-ft. centres. 
The maximum calculated load coming 
upon each of the main internal columns 
is 406 tons, while the actual load realised 
from the dead weight carried is 296 tons. 
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The foundations of these main columns 
at 55-ft. centres required special care and 
treatment. The foundations along Blan- 
tyre Street rest on natural stone forma- 
tion. The foundation of the other pillars 
had to be taken down to a low level for 
security, as the stone rapidly gives place 
to forced material which, along the Bun- 
house Road frontage, reaches to a con- 
siderable depth. 

The main roof trusses are composed of 
arch ribs, ties, and vertical hangers or 
suspenders. The ribs are true arch 
members, the thrust being taken by the 
ties connecting the springings. In de- 
signing these members, several important 
points arose. First, it was necessary 
carefully to consider the stresses resulting 
from what are usually known as 
“ secondary effects." In spans of this 
size, however, these effects are certainly 
of first importance. These trusses are 
bowstring girders in the proper sense, the 
elastic extension of the “‘ string ” or tie 
inducing deformation of the '' bow ” or 
arch rib. There is further deformation of 
the arch rib caused by its elastic shorten- 
ing when compressed, and also due to the 
shrinkage of the concrete during harden- 
ing. All these effects are cumulative, 
and the stresses they produce are per- 
manent throughout the life of the struc- 
ture. They are therefore of vital im- 
portance in the design of such work. 

There is no difficulty as regards the 


NEW KELVIN HALL OF INDUSTRIES. 


V: CROSS SECTION THROUGH MAIN HALL. 


vertical loading to be carried, since the 
superload can reasonably be assumed to 
be evenly distributed and the axis of the 
arch therefore made to coincide exactly 
with the line of pressure due to vertical 
loading. This was done in the case of 
this roof, and the curve of the soffit, 
although not of the usual kind, is not 
noticeable, owing to the elimination of 
the underside of the transverse projecting 
members. 

The second point of importance in such 
construction is the connection of the arch 
ribs and ties and columns at springing 
level. Over a relatively small area of 
material the entire horizontal component 
of the thrust from a rib, amounting in this 
case to about 86 tons, has to be trans- 
mitted to the tie, while the vertical com- 
ponent of the thrust must be brought on 
to the columns without any eccentricity, 
which, if permitted, would have the effect 
of introducing intense and unknown 
stresses at the heads of the columns. 

The tension in the ties is considered to 
be taken wbolly by the steel reinforce- 
ment. This, however, does not mean that 
concrete embedding this reinforcement 
acts only as a protective cover. On the 
contrary, without the concrete the tie 
could not function, since it was not 
possible practically to procure rods of 
sufficient length to span from end to end 
without a break. 

With a tension member of such a 


relatively small cross section (9 in. by 
131 in.) containing many rods of larger 
diameter, the old method of lapping the 
rods and terminating them with hooks is 
not practicable or even desirable technic- 
ally. Instead, a system of butt joints 
for the reinforcement has been arranged 
in such a way that at any cross section 
the requisite efficient sectional area of 
steel is present to keep the tensile stress 
in the member within the prescribed 
limits. The main spans of 110 ft. are 
believed to be the largest of their type 
yet attempted. 

Special care is required during construc- 
tion to obviate any undue distortion of the 
curved vault slab, which might result in 
unsightly, although non-structural, hair 
cracks appearing. It is obviously irh- 
practicable to release the whole of the 
staging simultaneously, and in carrying 
this out piecemeal certain roof trusses are 
in their final condition (i.e. deformed 
under load) whilst others remain propped, 
causing longitudinal bending in the con- 
crete construction between the trusses in 
question. 

In designing the external wall columns 
allowance had to be made for the lateral 
movements taking place at their heads as 
a result of the roof ties extending under 
stress. To facilitate the contractor’s 
operations, the centre тто-Ё. span was 
omitted until the spans on each side were 
concreted. The total continuous length 


491 


CALE 


~ 


р 


“мөрд JoHeju[ : мойверэ “Пен имея AƏN— p Зы 


CON 


ҮГ, SCORE 


> м T А Уу, AN x AN A Ж ААА) VAL сэ АА 


"сл 
K қ (4132 


K DN رد‎ 3 


Tt 


`... 


№ | r A. 
(22026 


POPPY Paes ` 
Ч 55 Ех int «оо ~ 


—- 


ЕШЕ 7 
"PP PP ISIN 
ЖҮ КҮЗЕ 


MEL o ATTENDE 


I Г 
| Бас 
к, a = ч S ` 82-23. ES oor in 


— -. 
I 


сосын 


Ч 


t. i >. 6-5 м w. 


a * 3 2 ч Ал v ` d ы А | 


92 


NEW KELVIN HALL OF INDUSTRIES. 


lights of these cupolas, the dormer win- 


of the tie beams is 390 Ít., 
he calculated maximum stress dows in the centre тто-{+. span, an the 
1 walls. In addi- 


jected to t 

the possible lateral displacement at their 

ends was estimated to about 1:2 in tion, the fans which f 

The external columns were therefore de- heating batteries can be employed to cool 

signed to accommodate such a movement, the atmosphere. 

although in fact such a displacement The concrete roof is covered with 
i í natural rock as halt. The floors are of 

e with a covering of natural roc 


third. 
in their endeavour to 
-date as possible, 


calculated movement. 
arrangement made for transverse MOVE” 
ment, provision has also been made for have provided all the services it is antici- 
i ion in the longi- pated will be require by stallholders. 
‘rection of the 100°. An ample number of outlets connected 
As a result of these prec utions no to the drainage system are placed in the 
e occurred in any acilities for taking away 
The other services are 


T 
1 
a 


| cracks of any kind hav 
jd» part of this very large area of roof, which waste water 
ي‎ Б further proof of the suitability of rein- supported along the external walls and 
4 1 forced concrete for work of this nature valley beams, where connections can 
: The maintenance costs of the Hall will be easily made to the 825 and water 
: negligible, while the initial cost of the ipes and the electrical installation. The 
£ work compares favourably with any other heating is БУ steam. 
The public gain access to the Exhibi- 
za, which is 90 ft. 


f tors’ Hall from the piaz 
hole of the reinforced long by 25 ft. wide, and egress to Blan- 
i t, Old Dumbarton Road, and 


hich were con- Bunhouse Road. 
The building was commenced in March, 
M. the King ОП 


ith a richer mix. 
Upon the completion of concreting and 1926, and opened by **- 
This period of construction 


the removal of the staging and shuttering, | 
the interior visible concrete surfaces Were included the general strik 
| rubbed down and washed with a mixture and other local industrial disturbances, 
of white cement and cream-coloured san all of which tended to delay the progress 9 
The effect of this is to make the suríaces the work. 
even in texture and pleasing in colour The general contractors were Messrs. 
No rendering in the form of plaster was John Train Со. Ltd.; Messrs. 
Edmiston Brown & Co., Ltd., were the 
contractors for the electrical installation 
Messrs 


permitted. 

| Three cupolas, 4° ft. wide and extend- 

Ing practically the whole length of the and automa i 

Hall, together i cupola over Jas. Combe & Son, ” 

the бо ft. span, give a remarkably uniform ‘ated Fire Alarms, Ltd., for 

distribution of daylight the automatic fre-alarm system , 
Messrs. Doulton 


area. Adequate means о 
tilation 15 provided by the opening side- sanitary fittings. 
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Messrs. Carreras’ N 
‘that they were respo 


MESSRS. CONCRETE AGGREGATES, Lrp., inform us 
removal and disposal of the material excavated from the site for Messrs. 
hich was described in our last number. 
re removed 


> sed for the wor 


in one day © 
Concrete Aggregates, Ltd., also inform 
d sand requ! 


the aggregate an 
300 CU- yds. in one day. 
493 


for the heating 


and 
o., Ltd. for the 


nsible for the 
Carreras’ 
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tory at Mornington Crescent, W 
asion а5 much as 953 CU- yds. we 
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the whole of 
made of over 


NORWICH POWER STATION. 


CONCRETE 


Norwich Power Station. 


AN example of the architectural possi- 
bilities of pre-cast concrete blocks has just 
been completed in the new super power 
‘station which has been constructed by the 
Norwich Corporation at Thorpe. The 
main building work has been carried out 
by direct labour, under the supervision of 
the City Engineers; first by Mr. A. E. 
Collins, M.Inst.C.E., and subsequently by 
Mr. J. S. Bullough, A.M.Inst.C.E. The 
whole of the walling of this building, an 
illustration of which appears on this page, 
is in concrete blocks, either 36 in. by 9 in. 
by 9 in., or 36 in. by 43 in. by gin. The 
exterior walls are hollow. А special 
feature is that the outer faces of the whole 
of the blocks for the external elevations 
are of local ballast and cement faced with 
china clay micaceous quartz sand and 
white cement. 

There has been no attempt to introduce 
à surface pattern, but a matt surface has 
been obtained by spraying with water 
when the cement was in the right condi- 
tion for roughening the surface by this 
means to the desired extent. Frequently 
the spraying was done accidentally by rain 
storms, with the result that many varia- 
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tions in texture have been produced. The 
micaceous quartz sand was obtained from 
china clay works in Cornwall. 

The adoption of concrete blocks solved 
a problem which was becoming increas- 
ingly acute in the Norwich district. Brick 
supplies had become so difficult that it 
was doubtful whether a sufficient supply 
would have been forthcoming for such a 
purpose. Moreover, the blocks have al! 
the appearance of finely-dressed white 
granite, presenting a much more effective 
appearance than if the building had been 
erected in bricks. Тһе architectural treat- 
ment adopted is very simple, consisting of 
bold pilasters and big panels with wide 
cornices. All the details are on a large 
scale, as the building is generally seen from 
a distance of at least 100 yards. Some of 
the walls are 50 ft. or more in height. 
The total cost of the structure was £93,839. 

All the blocks were made on the job bv 
direct labour with a “ Winget " №. 1 
pressure machine. None of the men 
operating the machines had any expen- 
ence of this work before, but they picked 
it up quickly and soon reached a satis- 
factory regular output. 


gi 


— wa 
eua» < 


Pre-Cast Concrete Block Elevations of Norwich Power Station. 
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Floor and Roof Slabs. 


Ву LESLIE TURNER, B.Sc., A.M.Inst.C.E. 
Loading and Supporting of Slabs. 


THE following particulars relate to floor or roof slabs capable of carrying 
a superload of 1 cwt. per square foot exclusive of the dead load of the 
slab itself, and distributed if required over the whole area of the slab. 
This superload is suitable for most ordinary purposes such as for domestic 
buildings, offices, factories, etc., housing no heavy machinery ; but it 
would not suffice for ballrooms, drill halls, book stores, warehouse floors. 
carrying heavy merchandise, or for a floor subject to'severe vibration 
or impact. Such floors as these must be designed individually for loads 
from twice to ten times the amount stated. 

In addition to the superload it is often required that walls or parti- 
tions be built above the slab to form rooms and compartments, and care 
must be taken that these are supported immediately beneath the slab 
by walls of equal or greater thickness, by joists, beams or other adequate 
support. While it is possible for slabs of smaller span to carry light 
breeze concrete plastered partitions, it must not be forgotten that these 
weigh about 180 lbs. per foot run when 8 ft. high, which requires that the 
floor should not be fully loaded to 1 cwt. per square foot close to the wall. 

It will be appreciated therefore that a 44-т. wall, plastered both 
sides, which brings over 400 lbs. per foot run of wall on to the slab, 
cannot be built indiscriminately on slabs unless both these and their 
supports have been designed to take them. Where 41-ш. or thicker 
walls are necessary these must be built over the slab supports; or if 
not, special beams must be inserted underneath. 

It is not good practice to support floor slabs on 41-in. brick walls, 
particularly walls in lime mortar, unless they are of very small span ; 
a 9-in. wall should be considered the minimum. Where a slab passes. 
over a 41-ш. partition a space of š in. should be left between the under- 
side of the slab and the top of the wall; this space may be plastered 
up after the slab has been struck. If this is not done there will be 
danger of a crack forming on the upper surface of the floor following 
the line of the partition below. 

Apart from walls, slabs may be carried on concrete beams with 
which they are incorporated or on rolled steel joists. The former will 
be dealt with later, but with regard to the latter there are two alter- 
native methods : 

(1) with the slab passing over the top flange ; 

(2) with the top flange of the rolled steel joists raised to within 

2 in. of the upper surface of the slab. 
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SINGLE SPANS 
Fig. 1. 


Case (1) makes the simpler job if there is no objection to the naked 
joist showing beneath, as illustrated on the right-hand side of Fig. 1. 
In continuous slabs the reinforcement, in this case, can pass freely over 
the joist. 

Case (2) allows a few inches of headroom to be saved but requires 
haunching or the encasing of the joist in concrete. This is shown in 
Fig. 2, and if the casing is to envelop the joist completely a light mesh 
should be placed in the concrete around the lower flange. This method 
enables the cranked bars in the top of the slab to pass over the upper 
flange to gain the necessary continuity to transmit the tensional stresses, 
but necessitates the shortening of the lower bars, the ends of which must 
abut the web of the joist. The shuttering is more complicated and care 
should be exercised to see that the haunching is rammed solid, particu” 
larly under the upper flange, to transmit the compression through the 


web. 
Extra thickness of carcrele (or breeze 
oncrele) fo Take wood SIPS _._. 
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Formwork. 


It is essential that the boarding should be rigid and amply strong to 
carry the wet concrete and any incidental load likely to come on or 
across the floor. Тһе sheathing used is usually I in. or I} in. carried on 
4 in. by 2 in. or 6 in. by 2 in. joists at intervals up to 2 ft. or 2ft. біп. 
according to the circumstances. In the case of a floor on concrete beams 
these joists may be supported at their ends by the side moulds of the 
beam, although additional centre supports may also be necessary ac- 
cording to span. 

Where the floor rests on steel beams the joists may be supported on 
chocks and wedges resting on the lower flange, as shown in Fig. x. If 
the beam is encased the boarding or joists will have to be supported 
on props, securely braced from below, unless special iron clips or bolts 
are devised to fit on the lower flange to hold the formwork temporarily 
and allow of its final removal. 

Using ordinary Portland cement the boarding forming the soffit to 
floor slabs must not be struck until seven days have elapsed after pouring, 
while the floor should not be fully loaded for five or six weeks. Nor 
should a new concrete floor be used to support the props from a higher 
one unless it is mature and at the same time is structurally capable of 
taking the load without overstressing. If a test load is called for, this 
must not exceed I} cwts. per square foot, gradually applied and removed 
not earlier than eight weeks after the last portion was poured. 

A plank walk raised clear of the reinforcement must be provided 
if the concrete is conveyed in barrows. 


Placing of Reinforcement. 


The centre lines of the bars should be clearly marked or chalked 
on the upper surface of the boarding before the reinforcement is placed. 
This will save much time in the end. If the same centres continue for 
some distance it is worth while making a template by notching the 
lower edge of a board at the correct intervals, through which the bars 
can pass and become correctly placed automatically. 

Crossbars are placed above the main bars in the bottom, and below 
in the top of a slab. The whole mesh must then be firmly wired at the 
crossings to resist displacement during concreting. Great care must 
be exercised that the cranked-up bars in the top of the slab do not roll 
over and fall into the centre or bottom. It is essential, particularly 
in continuous slabs, that the cover above the top bars be equal to that 
below the lower bars, namely 1 in. The lower cover can be main- 
tained conveniently by short lengths of š т. bar placed immediately 
on the boarding and withdrawn as concreting proceeds. They must, 
of course, be pulled along as soon as the concrete has been tamped 
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beneath the main bars and can support it, and not left until the concrete 
has commenced to set, when removal would injure the slab. The bars 
in the top can be supported on small concrete blocks of the required 
size to hold the reinforcement at its proper level. Wood blocks should 
not be used on account of the danger of their being accidentally con- 
creted in. This risk is minimised by the use of concrete blocks, metal 
chairs or spacers. 


Concreting. 


Commencing at one support, a definite area of slab should be enclosed 
by vertical boards of the exact depth of the slab and temporarily fixed 
to act as runners for the screeding board and to form a rigid side against 
which the concrete can be rammed. It may be necessary to notch 
these to allow bars to pass through. The concrete must be poured to 
its full thickness in one operation and must be thoroughly pushed and 
tamped under and around the bars. The final spading should leave the 
upper surface a little on the high side so that the screeding board, when 
worked slowly forward with a to-and-fro movement, brings the surface 
to true level against a slight pressure of wet concrete. After that neither 
the concrete nor the projecting bars should on any account be disturbed. 

Where it is not possible to finish the whole slab at one pouring the 
joint should be chosen along the centre of the slab, midway between 
two supports. On no account should it be made over or near the main 
supports of a slab. А temporary board should be fixed to finish against, 
and the joint washed and grouted before continuing next day. 


Finishes to Slabs. 


On the underside it is sometimes required that “ grounds ” or tapered 
strips of wood be concreted in to carry ceilings, etc. In these cases 
additional thickness must be allowed to take the strips without encroach- 
ing on the normal cover under the bars as shown in Fig. 2. 

The same applies to boarded finishes to the upper surface, although 
generally the extra thickness is executed in breeze concrete. To place 
wood strips in the net thicknesses of slab given later, either in the top 
or bottom, may reduce the strength by more than 50 per cent. 

Granolithic may be laid as soon as the slab has taken its final set, 
providing every care is taken not to vibrate or injure the green concrete. 
Scoring and fluting the surface may be carefully undertaken while the 
surface is soft, by the free use of planks and walking boards. For the 
production of hard and wear-resisting surfaces there are other prepara- 
tions which are applied either in liquid form, such as silicate of soda, 
or as a finishing coat. 
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Single-Span Slabs. 


Single-span slabs may be defined as slabs which span between and 
rest on two supports only. The supports referred to are those closest 
together between which the main slab bars run. There will usually be 
end supports—such as the two end walls of a long corridor—but these 
are of no value in supporting the bulk of the slab. The supports may 
be brick walls, concrete beams, steel joists or a combination of any, 
as shown in Fig. I. The particulars for spans up to Io ft. are given 
in Table B. The span “5” refers to the distance, centre to centre, of 
the supports; “В” gives the minimum end bearing on walls in inches ; 
“Т” gives the thickness of the slab in inches; column “m " gives the 
diameters and centres of main bars in inches, and column “с” the 
number and diameter of crossbars. The remainder of the table gives 
the volume in cubic feet of the concrete and the weight of reinforce- 
ment required per square yard of slab, together with particulars of the 
length and bending of the bars. The depth of the crank is measured 
outside to outside of bar, leaving } in. cover of concrete top and bottom 
when in place. 

The following example will illustrate its use: Required a slab to 
span between a wall and joist 4 ft. 6 in. clear, as shown in Fig. т. If 
breadth of top flange is 4 in., span 5 becomes 4 ft. 6 in. + 2 in. + 
21 in.— 4 ft. rol in. 

Referring to Table B, and reading from line “ 5 ft. and under," we 
find we require a 4-in. slab with 8 in. main bars at 8 in. centres and six 
т; in. crossbars. If there are 20 sq. yds. of slab (note that this area 
must include that let into the wall in the case of a chase left in wall) 
then бо cu. ft. of concrete and 162 Ibs. of steel are required. Each main 
bar will be 5 ft. 54 in. long, cranked 3 in. to a 6-in. slope 4 in. from one 
end, and both ends bent up or down 2 іп. Alternate bars will be reversed 
so that a straight end runs on to a support between two cranked ends, 
throughout the length of the slab. The crossbars should extend the 
length of the slab, but if it is necessary to splice them, the laps must 
be at least 18 in. long, well wired, and staggered on plan. 


Continuous-Span Slabs. 


As their name implies, continuous-span slabs carry over three or 
more supports, the slab being monolithic or continuous over the support. 
This continuity has two effects: (1) it results in an economy of material, 
(2) it introduces certain conditions which it is important to appreciate 
because they are not so common or so vital in other types of building 
construction. 

These conditions are the reverse moments at supports, causing 
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Fig. 5.—Plan. 


tensional stresses in the top surfaces of slabs for some distance on each 
side of a support. These stresses, being taken only by the steel, сай 
for the accurate placing of the reinforcement bent up over the supports. 
A load placed on one span always affects the spans on each side through 
this continuity, so that a large span continuous with a much smaller 
one will cause effects too complicated to explain here. 

In the particulars that follow, therefore, it is assumed that the spans 
are of approximately the same order, deviating to say not less than 
75 per cent. or more than 30 per cent. from the standard adopted. This 
can usually be achieved by inserting more walls or beams below or by 
rearranging their intervals. For convenience when spacing supports 
the inner spans should be kept constant to some even amount of feet 
and inches, while the two end spans should be madeless. Always avoid 
larger end spans. 

Particulars and sizes are given in Table C, while Figs. 3, 4 and 5 
illustrate the typical arrangement of bars. It will be noticed that the 
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thickness of slab for any particular span is the same for end as for inner 
spans, but that the reinforcement is usually slightly heavier in the case 
of end spans. 

In arriving at the lengths of the main bars (m), 

Se — the length of end span, 
Si = ,, М! , inner ,, 
as shown in Fig. 3, a section taken parallel to the main bars. 

Note that the bars in the top run past the centre line of the secon- 
dary beam or joist by an amount “е” given in the Table, and that the 
crank turns up at a length “4” on the other side: this point should 
be marked on the boarding to facilitate placing. At their straight ends 
they must run 6 in. past the centre line of the support. The cross- 
bars, where they run over main beams, joists, or walls are also dealt 
with similarly, as indicated in Fig. 4. Crossbars, however, lie on top 
of main bars in the bottom of slabs, but below main bars in the top 
of slabs. 

Two types of bar are required as maim reinforcement to end spans, 
the one alternating with the other. The cranked end resting on the 
end support is bent as for single-span bars given in Table B. Bars for 
inner spans are of one type but the cranked ends project alternately 
in opposite directions as indicated on the plan Fig. 5. 

The bending and lengths are figured for slabs on concrete beams 
or passing wholly over the top flange of rolled steel joists. If the flange 
of the latter is raised to within 2 in. of the upper surface of the slab then 
the cranked-up bars will pass over freely ; but their straight ends must 
be shortened so as to abut the web of the joist, which must be haunched 
or encased with concrete. 

The weights of reinforcement given include for crossbars and laps 
and must be considered a minimum. For convenience the size of bars 
may be increased or their centres reduced, to maintain a standard size 
and spacing throughout a floor. 


Example.—A floor slab is required to carry a maximum live load 
of I cwt. per square foot over concrete beams spaced at 5 ft. centres 
(51) with an end bay span of 4 ft. 6 ins (Se) (equivalent clear end span 
4 ft. 31 in). 

From Table C the thickness of slab '' T" is found to be 4 in. for 
inner and end spans. Also the reinforcement is similar, namely, } in. 
diameter bars at 63 in. centres. Had the end bay been 5 ft. span then 
the end span reinforcement would have been 1 in. bars at 54 in. centres. 
The length of the main bars would be 5 ft. 4 in. and 6 ft. 4 in. (an equal 
number of each to be supplied) for the end span and 7 ft. for the inner 
bays. Five 4^4 in. crossbars are required in the end bays and four in 
the inner—note in the case of concrete beams the top bars of the beam 


504 


FLOOR AND ROOF SLABS. 


take the place of a crossbar. With rolled steel joists extra crossbars 
would be required in these positions. The crossbars should be bent 
and placed as shown in Figs. 4 and 5. 


Quantities. 
For estimating purposes the quantities from Tables C and B will 


be found to be: 
Concrete 412% 
Reinforcement (end spans) . 
КЕ (inner spans) . 


3 cu. ft. per square yard of floor. 
6-1 lbs. » » ээ » » 
6:5 Ibs. ,, a» ээ 29 »» 


Book Reviews. 


“Civil Engineering Specifications and 
лап іҢее-” By С. S. Coleman and G. М. 


London: Longmans, 
105. 6d. net. 

ACCORDING to the preface, this book was 
“ originally designed to enable young civil 
engineers, and those in allied branches of 
engineering, to obtain a knowledge of the 
fundamental facts which have to be con- 
sidered in preparing specifications and 
quantities." With such an aim clearness 
of expression and exactness are essential, 
since the class of reader to be catered for 
is not likely to be able to discern errors ; 
one could have hoped this important fact 
had been borne in mind by the authors. 

Forty-nine pages are given to legal 
decisions concerning the duties of engin- 
eers and contractors. A chapter on con- 
ditions of contract follows. 

The next five chapters deal with 
materials of construction and are marred 
by serious errors. Among these may be 
mentioned the following quoted state- 
ments by the authors: 

(1) “ Sand must be sharp,” a require- 
ment which is absolutely unnecessary. 

(2) “ A useful size [for sand] is from 
$ in. to 1 in., preferably smaller, and hence 
the sand should all pass a sieve of $ in. 
square holes." One would like to know 
how }-in. grains can pass an 1-1. sieve. 

(3) The test for organic matter in sand 
is stated to be made with “а 3 per cent. 
saturated solution of sodium hydroxide.” 

(4) “ Limestone (ав an aggregate] may 
be acted on by the water used in mixing, 
if such comes from a peaty district.” This 


Green & Co., Ltd. Price 


is not a reason for rejecting limestone 
alone, as no aggregate will make good 
concrete when water containing humic 
acid is used. 

(5) ‘‘ The cements now used are Port- 
land and Ciment Fondu.” There is no 
mention of other special cements, and 
we fail to see why a trade name should 
be mentioned to cover a class of cement 
made by several manufacturers. 

(6) “ Concrete is normally composed 
of cement, sand and broken stone or 
brick." But Thames ballast, gravel and 
shingle are also used, and are infinitely 
preferable to broken brick, which is 
distinctly bad for reinforced work. 

(7) “ Concrete is always defined by the 
proportion by volume that the cement 
bears to the sand and broken material 
together." This statement is incorrect, 
and leads one to believe that the authors 
are not aware of the difference between 
a I:2:4 and a 1:6 mix. Also, the 
cement is usually specified as so many 
lbs., or cwts., to x cubic feet of sand and 
y cubic feet of coarse aggregate. 

No mention is made of modern methods 
of proportioning, fineness modulus, 
slump test, water-cement ratio, etc. 

On page 96 the reader is informed that 
“iron oxide 15 composed о} hematite and 
rust ” | 

On page 117, in connection with 
asphalte, we read that '' to determine the 
ash a suitable quantity of the ash is 
slowly carbonized in an open platinum 


(Continued on page 508). 
505 


W. L. SCOTT. 


BLANTYRE тегі: 


Drive 
ШШШ * ро 
a 


CARRIAGE 


rm ü H HH FH FH FH о 


Seay ч 
GENERAL PLAN OF NEW KELVIN HAL 


506 


NEW KELVIN HALL OF INDUSTRIES. 


en — х — en — en — ч}‏ — مز م 
t‏ 


wt 
= 
цавь ly 


= LE. К ^ 
П БЫЦ 7 


= 
ШШ 
tal 


кож” 
ps unwoust 


PA‏ و 
GLASGOW. (See p. 489.)‏ ^ 


507 


Digitized by Google 


BOOK REVIEWS. 


(Continued from page 505.) 


dish, and what is left is burned until all 
the carbon has been consumed." The 
authors alone can explain the meaning of 
this amazing sentence. 

In the chapters on Workmanship no 
greater accuracy is shown than in the 
earlier parts of the book. On p. 145 
it is recommended that concrete tunnels 
should have joint laths inserted as '' such 
a procedure will prevent stresses due to 
setting." Газ may localise cracks, 
but they cannot prevent stresses. 

The authors apparently have not a 
clear idea of the meaning of the term 
“ stress," as on р. 148 they state that 
reinforcing bars must not be bent in 
such а way as to overstress the bars | 

Few engineers will agree with the 
statement on p. 149 that '' the side frames 
of columns should not be removed for at 
least seven days," particularly in view 
of the increasing use of rapid-hardening 
Portland cement. 

The information on timber and concrete 
piles is inaccurate in many ways, and 
indicates a lack of practical knowledge of 
the subject. On p. r54 we read that 
“ the increasing use of bauxite or artificial 
Portland cement, which sets very rapidly, 
will make the use of concrete piles more 
general." Bauxite cement is xot artificial 
Portland, nor does it set rapidly. 

The chapters on Quantities explain 
taking-off and abstracting in a manner 
which will be useful to the class of 
reader for whom the book, is intended. 

The book is well printed, but contains 
many mistakes in English.—W. S. G. 


“ Erdstatische Berechnungen" By W. 


Fellenius. 40 pp.. 27 illus. 
Berlin: Wilhelm Ernst & Sohn. Price: Paper, 
4°20 mk. 
PROFESSOR FELLENIUS, of the State 


Engineering College in Stockholm, is a 
well-known authority in Scandinavia on 
all matters dealing with earth pressure 
and allied problems, and this little book 
claims the attention of every engineer 
interested in the latest theories on the 
particular kind of statics that apply to the 
soil. Swedish scientists were the first to 
develop the theory of cylindrical planes 
of rupture, after the serious collapses of 
two important wharves in Gothenburg 
(in 1911 and 1916) had shown the usual 
assumptions accepted for the calculations 


508 


Ғала “М зэ па 
CONCRETE 


to be unsafe and inadequate. But 
while the subject of cylindrical planes 
was dealt with by Petterson and Hultin 
so far back as 1916, it was treated under 
the usual assumption of friction alone 
acting along the surface of rupture. 
Professor Fellenius amplifies the investi- 
gation by assuming the presence of 
cohesion, either alone or in combination 
with friction, both in the case of plane 
and curved surfaces of rupture, and the 
methods of calculation developed in his 
book are of great importance for general 
statical problems such as the stability of 
dams, embankments, and retaining walls, 
particularly where the subsoil is of a weak 
or slippery nature.—R. N. S. 


“The Orders of Architecture: Greek, 
Roman, and Italian." By the late R. 
Phen Spiers. 


London: B. T. Batsford, Ltd. Price r2s. 6d. net. 
PHENE Spiers’ “ Orders of Architecture ” 
is too well-known to the majority of our 
readers interested in the art of archi- 
tecture. It is sufficient to say that a 
fifth edition has been found necessary, 
and that Messrs. Batsford have produced 
this in the excellent style one associates 
with all their publications. For the 
benefit of readers not acquainted with 
this work, we would say that it comprises 
26 beautifully reproduced plates detailing 
the classic orders of architecture, in 
addition to numerous smaller drawings 
used to illustrate the author’s discussion 
of the history and origin of the orders. 
These concise notes on the orders, to- 
gether with the illustrations, constitute 
a standard book for students young and 
old, for which the author and publisher 
deserve their thanks. 


** Simplified Roof Framing." 
müson and S. O. Werner. 
us. 


London : McGraw-Hill Publishing Co., Ltd. Price 7s. 
Tuis book appeals to students in building 
construction, and gives in concise lan- 
guage, illustrated with clear line drawings, 
the principles and practice of the con- 
struction of roof frames. Practically 
every type of roof is dealt with, and the 
fact that the book is of American origin 
does not detract from its value to the 
English reader. It is written so that no 
knowledge of mechanical drawing, geo- 
metry, or trigonometry is necessary to 
follow the authors' explanations. 


By J. D. 
118 pp., 115 


JOINTS IN CONCRETE ROADS. 


Joints in Concrete Roads. 
Ву В. А. B. SMITH, A.M.Inst.C.E., A.C.G.I. 


EVEN as a railway line has to be constructed with joints at intervals to 
allow for the expansion and contraction of steel, so concrete, which has 
practically the same coefficient of expansion, has to be treated in the 
same way. 

The coefficient of expansion of steel is 0-0000060 — 0:00000629. 
The coefficient of expansion of concrete is 0:0000050 — 0:0000065. 

As has already been stated, when the conditions are such that the 
differences of temperature in the road surface are very small, continuous 
construction may be successfully adopted and cracks need not be expected 
to develop, or, if they do, at only very rare intervals. 

There are many engineers who think that cracks are less trouble 
than joints, and they construct continuous slabs in exposed positions 
as well as in protected ones. Although a crack is not the objectionable 
feature structurally that might be expected, yet it is unsightly, and if 
it is possible to avoid them it is undoubtedly the duty of the engineer 
to do so. The reason why some engineers do not like joints is that in 
many roads constructed with joints insufficient care has been taken at 
these points, with the result that abrasion has been caused through 
difference of levels. 

The probability is that the ganger employed has never constructed 
a concrete road before, and if he has constructed one he has never re- 
turned to see the result of hislabours. In consequence, he never properly 
realises the importance of good work, and how quickly traffic discovers 
a weak spot. A bad joint may exist in a concrete floor for many years 
before showing signs of wear, but it only requires a few months of heavy 
traffic to show weak spots in a roadway. 

In the opinion of the author a really intelligent man accustomed to 
the use of a float should be employed as a concrete road jointer, and he 
should be paid a skilled wage, so that a good joint is dependent only on 
a proper specification. 

Joints for Continuous Construction. 

(A) Plain Butt Joint.—The concrete may be finished up to a stunt 
head and work started the following morning straight away from the 
face thus obtained. By this method a road is obtained which is in fact 
a series of slabs though no actual expansion joints have been constructed. 
The joint is a plain butt joint and should remain good in unexposed 
positions. 

(В) Reinforced Joint.—When the situation is on ground of an un- 
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reliable character a strengthening of this type of joint appears desirable, 
and then the engineer may carry the bottom reinforcement through the 
joint, and in addition introduce rods or mesh for not less than 18 in. on 
each side of the joint and passing through it (Fig. т). The bottom timber 
(b) is placed so that the rods are at the top of the spaces provided, and the 
top timber (c) is then fixed to it either by vertical bolts or clamps. lt is 
obviously not a difficult matter to remove this stunthead the next morn- 
ing and continue the work. It has been noticed that in exposed positions 
this joint is not completely successful, as a transverse crack is sometimes 
formed at each end of the double reinforcement. 
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Fig. 1.—Method of Construction of Joint in Continuous Construction. 


Joints for Alternate Bay Construction. 


When double reinforcement is carried right through the joint then a 
system such as that described above may be adopted ; this is the method 
used by the Surrey County Council. In the concrete roads of the 
Middlesex County Council the reinforcement is stopped 2 in. short of 
the joint and a plain butt joint introduced; this appears equally as 
successful. 

Double reinforcement through the joint has not been proved 
necessary except under extreme conditions, ie. a very bad sub-base. 
There are many instances of both these types of joint under various 
conditions, but so far neither has shown any advantage over the 
other. The opening formed between the panels when the concrete 
contracts is sometimes filled with bitumen, but it is questionable 
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whether such treatment is necessary in this country where frosts and 
subsequent thaws are rarely, if ever, so severe as to cause an appre- 
ciable heaving of the sub-base, nor in the case of rain would that 
action be sufficiently increased to cause damage to the roadway by 
the amount of water which would find its way through the opening. 

‚ When certain double and treble meshes are employed the reinforce- 
ment should be carried through the joint in order to simplify construc- 
tion, and for no other reason. 


(C) 


Fig. 2.—Tools for Expansion Joint Construction. 


In more than one county an expansion joint has been introduced at 
every fourth bay or so, as for instance in Cumberland. This precaution 
would appear excessive had we not had that curious case of a burst in 
the Manchester area in a long level stretch of alternate bay construction, 
for which there has been no satisfactory explanation. | 

In Yorkshire a case has also occurred of a burst in alternate bay 
Construction, but in this case the slabs were laid on a steep gradient and 
there is sufficient evidence to show that the slabs above had gradually 
Pressed against those on the lower part of the gradient until the lower 
slabs had not sufficient room to breathe with the changes of temperature. 
тете we probably have a case where double reinforcement through the 
joints would help to keep the slabs in position. 
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Expansion Joints. 


Expansion joints should not be regarded as a necessary evil, but 
as an integral part of the design. When it is appreciated what a useful 
function they perform, and great care is taken in their construction, it 
is not difficult to obtain a good result. The edges of an expansion joint 
must contain as high a percentage of aggregate as the remainder of the 
road, and to make them of sand and cement only is inviting failure. 
It must not be a“ plaster " job. The operative requires a light straight- 
edge notched in the centre (say, 18 in. long), an edging tool, and 
a wood float. He may also have a small quantity of granite, sand, 
and cement mixed to the proportions of 3: 14:1, the granite (or other 
good wearing quality aggregate) not exceeding 1-ш. size. 

The usual method is to complete the concrete road to a cross form. 
This cross form may be of hardwood or steel, and should be the same 
thickness as the joint (Fig 2а). If of wood it should be well oiled, as 
it must be withdrawn within 24 hours. For the purpose of withdrawal 
it should have small handles at the top near each end. 

Before the set is very far advanced the edging tool is run along each 
side of the cross form, turning the arrises of the concrete to about }-in. 
radius. These two edges must be perfectly true to each other, and if 
not absolutely correct they must be made so by removing or adding the 
necessary quantity of the mix. Тһе notched straight-edge (b) will prove 
extremely useful. It may be necessary to throw over the road a light 
bridge of planks in order that the man may reach the work without 
walking on the wet concrete. 

Immediately on the withdrawal of the cross form, the cavity is filled 
with a filler of bitumen until it is flush with the road surface. Fine 
granite or similar material as used for fine tarmac may be introduced 
into the top inch to stiffen it up and prevent the filler being removed by 
traffic. 


Pre-Cast Joint Fillers. 


The increased use of expansion joints has led several firms to 
put on the market a filler which is pre-cast. In order to stiffen it, 
fibre or some other material 15 used. These pre-cast fillers are supplied 
in various thicknesses and to any required depth. When pre-cast 
fillers are used, a cross form is fixed in place and the filler placed against 
it. In America the cross form is usually a thin steel plate with a ragged 
bottom edge. The concrete is then worked up to the filler and the second 
slab proceeded with. When about 2 ft. of the second slab is concreted 
the steel cross form is removed and the concrete rammed into the vacated 
space. The joint is then finished as described above. 
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Fig. 3.—Expansion Joint finished with Granite Cubes. 


Granite Cubes at Joints. 


Joints do not give any further trouble where the traffic is rubber 
tyred, but in cases where steel-tyred traffic predominates, as in docks, 
any unevenness of the joint is immediately aggravated. To prevent 
this possibility, granite setts, 3 in. or 4 in. cubes, have been tried and are 
proving successful. If the concrete has a depth of 8 in. or more the 
setts can be laid in a recess left for them by attaching a piece of timber 
a full 3 in. or 4 in. square to the cross form as in Fig. 3. If the road 
is less than 8 in. thick, then a platform about 2 ft. wide and 4 in. thick 
is placed under the joint, as shown, and covered with paper to prevent 
adhesion. The setts are fixed with a sand-and-cement grout. In this 
case it simplifies construction if the slabs are laid alternately, as shown 
in Fig. 4. This gives the sett-layer easy access to his work, but of 
course it is not always feasible. 


€ ә ол. 


Fig. 4.—Method of Construction using Granite Cubes at the Joints. 
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Cork and Bitumen Filler. 


Another interesting joint is that used at Herne Bay and other place 
(Fig. 5). Here the joint is І in. wide and the filler is a composition of 
cork and bitumen supplied by the Ruberoid Company. The filler com- 
presses but does not flow, and on the contraction of the concrete released 
from pressure it expands again and keeps the jointstight. It is not ad. 
visable to make the gap less than an inch for this filler; nor must the 
designer extend the length of his slab by reason of this larger gap, as he 
will still have to contend with the friction between the concrete and the 
sub-base which restricts the length of the slabs to not more than бо ft. 


Fig. 5.—Cork and Bitumen Joint Filler at Herne Bay. 


Distance Between Expansion Joints. 
A formula, which it is admitted is open to criticism but nevertheless 
plays for safety, is as follows :— 
L — $ X 12 X d 


[xw 
Where L = length of slab. 
s = tensile strength of the concrete where failure takes place. 
f = coefficient of friction of the slab on the sub-base. 
Let D = 8 in. f = 2s = 100 at 14 days. w = Ioo for 8 in. thickness. 


Then үлэ X 20.0 1c в 
2 X 100 | 
When steel reinforcement is used to help the concrete take the tensile 
strength, a slab of greater length may be possible, but at present there 
seems no evidence that 60 ft. can be safely exceeded. 
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Joints on Soft Ground. 


On bad ground, such as peat bog, it seems thoroughly sound to 
strengthen the joints so that the moving load may be transmitted more 
gradually to the slab it is approaching. This is often done, as already 
mentioned, by double reinforcement through the joint, but an even 
better method is that adopted by the County Surveyor of Kildare 
(Fig. 6), which is as follows :— 

At the expansion joints, I in. stcel bars 3 ft. long were laid at 1 ft. 
centres on the neutral axis of the slab ; that is, there were seventeen bars 


Fig. 6.—Method of Joint Construction for Soft Ground. 


at each joint laid 4} in. from the surface between the top and lower 
reinforcement. The bars were first wrapped in tarred brown paper for 
half their length, and at the end a cap was inserted under the paper, 
which was then tied. These caps were about 3 in. long, cut from old 
bicycle frames, and half filled with bitumen. The object of the cap was 
to prevent the fresh concrete butting up against the end of the bar, 
which would thus counteract any expansion on the part of the concrete. 
The bitumen was stiff enough to prevent the caps being forced right down 
on the bar when the concrete was laid, but would not prevent any 
expansion taking place afterwards. 

At the joint Callender's “ Rezilia " was used, and this had holes cut 
in it at the correct level and distance for the bars, which were pushed 
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through the holes until the paper was up against the “ Rezilia." The 
timber stunthead also had holes cut in it at the correct intervals to allow 
the bars to protrude through. 

When concreting at the joint, 44 in. of concrete was first laid against 
the “ КегШа” and stunthead. Then the bars were pushed through 
the paper and outwards, and the rest of the concrete placed on top of 
the bars. The joint was then finished in the usual way. 
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Fig. 7.—Steel Surface Mesh at Lydd Camp. 


Patent Materials. 


The use of certain patent productions has recently proved interesting. 
There is a material called “ Betonac " which was tried at Sutton. The 
method employed was as follows :—'' Betonac " steel concrete was let 
in to a depth of 2 in. on a width of 4 in. throughout the length of the 
joints. The metallic aggregate is in three grades, and equal quantities of 
the three grades are mixed with an equal volume of sand. Cement is 
added to the mixed aggregate (" Betonac ” and sand) and the whole 
made into a stiff mortar. It is claimed that the fineness of the aggregate 
makes it possible to round off the arris to a very much smaller radius 
than is otherwise possible, in addition to which the high compressive 
strength of the aggregate minimises the danger of the surface breaking 
away. 
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A steel surface mesh has also been experimented. with at Chelsea, 
Lydd, and other places (Fig. 7). 

This consists of strips of steel bent to a zig-zag shape and let into 
the concrete at points where the wear is acute, as at the joints. The 
strips are placed adjacent to one another and keyed, and the surface is 
thus divided into a series of small squares, each bounded with steel strips 
on all four sides. The edges of the steel strips are finished flush with, 
and become part of, the finished surface. 


(To be continued.) 
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The Cheam-Malden Concrete Road. 
[This all-concrete road was laid for the Epsom Rural District Councilin April this year, under the direction of Mr. T. E. 
к SN R.D.C. It is laid in two courses, a bottom course 7 in. thick and а top course 2 in. thick,reinforced 
with B.R.C. fabric. 
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DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. 5. d. 
Best Washed Sand. . ° . . . . . . . peryard 16 o 
Clean Shingle, š in. mesh . . . . : š š РА 14 0 

44 E $ in. mesh. . . . : 5 : i 55 15 6 
Thames ballast. А š 5 қ : : : š š is 10 6 
Broken brick (2 in.) š ° . 5 . i š s її 6 
Best British Portland Cement (delivered London area). . per ton 58s. to 63 6 
Rapid-Hardening Portland Cement . š . . delivered London 105. per ton extra 
* Super-Cement ” А . . . per ton 885. to 93 o 
"Lightning ” Brand Aluminous Cement . : ° š ‚ 100$. to 105 6 
Ciment Fondu : š : : : : : . works f.o.r. 95 0 
BOARDING FOR SHUTTERING— Sawn. Wrot. 

5. 8. 5. 8. 

lin. . . . T . . . : . persquare 23 6 27 6 

іріп. . ° . . . . А А 5 iii 29 6 33 6 

1$ in. . . : š - 35 6 41 0 
SAWN TIMBER FOR STRUTS AND SUPPORTS— 

3 in. by 4 in. . . . . from (22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . : à : хоч L0 - 2 

MiLD STEEL Rops FOR REINFORCEMENT— s. d. 

in. to 21 in. Rounds . . . . . . : . percwt. 10 6 

in. to 4 in. Rounds . a қ : : Е š š s; 10 9 

1 in. Rounds . . . . . . . . » ІІ 0 

1 in. Rounds . . 1 . Р 12 O 
Breeze Slabs per yd. super: 2 in., I/II; 21 in., 2/4: 3 in., 2/9; 4in., 3/6. 
MATERIAL AND LABOUR, INCLUDING Io PER CENT. PROFIT. 

(Based on Contracts up to £2,000.) 

PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . . . . . . per foot cube I II 
Do. do. in columns $ š š қ 5 š 55 5 2 I 
Do. do. in beams. 3 : ° А : T у; 2 3 
Do. do. in floor slabs 4 in. thick . . 3 . рег yard super 6 o 
Do. do. in floor slabs 5 in. thick. š š š i 48 7 6 
Do. do. in floor slabs 6 in. thick . : 2 : 2; 2 9 о 
Do do. in floor slabs 7 in. thick . š 2; 50 10 6 

do. in walls 6 in. thick. š š 8 8 
(444 ~ hoisting 35. 6d. per yard cube above ground-floor level. Add for 1 Ferrocrete " 


Is. 108. fer yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 


POSITION AND SECURING WITH STOUT BINDING WIRE— s. d. 
From 1 in. to § in. . . . . . . . . percwt. 22 6 
» Yd in. to } in. : : 1 : : š š Р s 21 6 


$ in. to 2{ in . ° š 2o 6 
EXTRA LABOUR TO `BENDS in pin. rods, 44; На. rods, 1d. ; kin. ' rods, 114. ; 
1. rods, 1¢d.; j-in. rods, 124.; j-in. rods, 2d. ; ; I-in. rods, 214.. 11-41. rods, 
d.; 1}-in. rods, 31d. ; 19-in. rods, 41d.; 2 ju 6d. (per bend per cwt.). 


EXTRA LABOUR TO HOOK BENDS: $ in., ; $in., ad.; ġ in., 244.; $in.. 
3d.; $in., 34d.; țin., 44.; Tin., 44d. ; I} in., a : 1] in., ad. (per bend per cwt-). 
SHUTTERING— 


Shuttering and Supports for Concrete Walls (both sides measured) per square 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 


IO ft. high . . А А . . рег square 55 0 
Do. do. in small quantities . . . per ft. super o 10 


Shuttering and Supports to Stanchions for easy removal, average 18in. by 18 in. 
per ft. super 01 р 


Do. do. as last, in narrow widths. MES I 

Do. do.  tosidesandsoffits of beams „average gin. by 12in. , I ц 

Do. do. as last, in narrow widths. N 5 : 25040 1 3 
Raking, cutting, and waste to shuttering . . қ š perft.run o 3 
Labour, splay on ditto . : „ ә 02? 
Small angle fillets fixed tointernal angles of shuttering to form chamfer Ses cus o 3 


WAGES.—The rates of wages on which the above prices are based are :—Carpenters 
and joiners, 1/94 per hour; Carpenters working on old shuttering, 1/10] ; Labourers 
on building works, 1/43; Men on mixers and hoists, 1/54; Bar-benders, 1/5]. 


(° This Data is specially compiled for Concrete and Constructional Enginesring, and ıs strictly сорти] 
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Prospective New Concrete Work. 


BENTLEY.—Bridge.—The Ardwick-le- 
Street and the Bentley U.D.C.'s propose 
to erect a bridge in Bentley Moor Lane. 

BILLINGHAM.—Houses.—The U.D.C. is 
seeking permission to borrow £3,000 for 
the purchase of land as a housing site. 

BravpoN.—Howses.—The U.D.C. has 
applied for sanction to erect 40 houses. 

BRIDLINGTON.—Sea Wall, etc.—The 
T.C. has applied for sanction to borrow 
£54,000 for the construction of the south 
side sea wall and promenade. 

BRIERLEY. — Houses. — The Brierley 
P.C. has recommended to Hemsworth 
R.D.C. to erect 100 houses. 

BROXBRIDGE. — Bridges. — Plans have 
been prepared for the construction of 
bridges at Rock Corner and Lower 
Lane. 

BUCKHAVEN. — Concrete Road. — The 
B.C. proposes to reconstruct Wellesley 
Road in reinforced concrete, at an 
estimated cost of /2,200. 

CHIPPENHAM.—Howses.— The T.C. pro- 
poses to build 60 houses. 

COLEFORD.—Road.—The Frome R.D.C. 
has applied for a grant towards the cost 
of constructing a road at Coleford. The 
cost is estimated at /10,000. 

EVESHAM.—Houses.—The R.D.C. has 
applied for permission to borrow (37,400 
for the erection of 84 houses. 

GARVAGH. — Road. — The Coleraine 
R.D.C. proposes to construct a road in 
the Grove district, at an estimated cost 
of £2,000. 

HANDBRIDGE.—Houses.—The Chester 
Corporation Housing Committee 15 con- 
sidering a scheme for the construction of 
33 houses at Handbridge. 

ILKESTON.—Houses.—The T.C. has de- 
cided to erect 114 houses. 

NEATH.—Road.—The Neath R.D.C. and 
Glamorgan C.C. are considering a pro- 
posal for the provision of a new Jersey 
Marine Road. The cost is estimated 
at £120,000. 

JOHNSTONE.—Houses.—The T.C. pro- 
poses to erect 160 houses. 

KINGSwoop.—Houses. — The Bristol 
T.C. is recommended to apply for per- 
mission to borrow /10,580 for the erection 
of houses at Henshaw Road, Kingswood. 

LITHERLAND.—Houses.—The Housing 
Committee is considering a proposal to 
build 100 houses at Litherland. 


LLECHRYD.—Bridge.—A bridge is to be 
constructed at Llechryd for the Pem- 
brokeshire C.C. 

MACCLESFIELD. — Houses. — The T.C. 
proposes to build 100 houses. 

MARGATE. — Bridge. — The Southern 
Railway Company propose to construct 
a bridge to replace the existing level 
crossing at Mutrix. 

NEeWwQUAY.—Houses.—The U.D.C. has 
applied for permission to erect 40 houses 
in Lehenver Road. 

Poorr.—Road.—4A circular road is to 
be constructed on the Haven House site. 

REDRUTH.—Houses.—The U.D.C. has 
submitted a scheme to the M.H. for the 
erection of 50 houses. 
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Ross.—Houses.—The U.D.C. proposes 
to build 50 houses. The cost is estimated 
at £17,950. 

RUSHDEN. — Houses. — The Surveyor 
has been instructed to prepare plans for 
the erection of 52 houses on the Irchester 
Road site. 

ST. AUSTELL.—Houses.—The Housing 
Committee is considering a scheme for the 
construction of 110 houses. 

SCARBOROUGH.—Concrete Bridge.—A 
reinforced concrete bridge is to be con- 
structed over Peasholm Glen. 

SEAHAM HARBOUR. — Bridge. — The 
U.D.C. is considering a scheme for the 
construction of a bridge in Strangford 
Road. 
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Tenders Accepted. 


ARBROATH.—Concrete Pipe | Sewer.— 
The T.C. has accepted the tender of 
Messrs. Ramsey 4 Gordon, Fergus 
Square, Arbroath, for the construction 
of about 484 lineal yds. of 3-ft. reinforced 
concrete pipe sewer. 

BABINGLEY (NORFOLK). — Concrete 
Bridge.—The Norfolk C.C. has accepted 
the tender of Messrs. May, Gurney & Co., 
Ltd., Trowse, Norwich, at /010, for the 
construction of a reinforced concrete 
bridge at Babingley. 

CALDBECK (CUMBD.).—Concrete Bridges. 
—The Cumberland C.C. has accepted the 
tender of Messrs. Cleghorn & Co., Bank 
Street, Carlisle, at £8,235, for the con- 
struction of two reinforced concrete 
bridges. 

CHESHAM.—Concrete Retaining Wall.— 
The U.D.C. has accepted the tender of 
Messrs. Pinkerson & Co., at £1,263, for 
the construction of a reinforced concrete 
retaining wall 133 yds. long between 
Latimer Road and the River Chess. 
Other tenders submitted: R. E. Jen- 
kins, £1,978; D. G. Somerville & Co., 
Ltd., £1,859; Simplex Concrete Piles, 
Ltd., £1,857; G. K. Waghorn, £1,703 ; 
L. J. Speight, Ltd., £1,524; Farmer & 
Co., £1,295; T. T. Broughton, £1,205 ; 
John Cochrane, £1,074. 

CHIPPING Norton. — Houses. — The 
U.D.C. has accepted the tender of the 
Universal Housing Co., Rickmansworth, 
at £5,748, for the construction of 14 
houses in Churchill Road. 

Epsom.—Concrete Road.—The U.D.C. 
has accepted the tender of Messrs. Mor- 
rison (Roads), Ltd., Woking, at Ios. per 
super yard, for the construction of 
approximately 5,000 super yards of 
reinforced concrete carriageway on the 
housing site near Hook Road. 

HonsroRTH.—Concrete Road.—The 
U.D.C. has accepted the tender of Mr. J. 
Parkin, The Banory, Horsforth, for the 
construction of 3,700 yds. of reinforced 
concrete carriageway. 

MOLESEY. — Concrete Houses. — The 
U.D.C. has accepted the tender of the 
Triangular Construction Co., Ltd., for 
the construction of 8 concrete houses in 
Green Lane. 

NABURN (YoRKS.).—River Wall.—The 
Ouse Navigation Trustees have accepted 
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the tender of Messrs. K. Holst & Co., at 
£3,640, for the construction of a rein- 
forced concrete and timber river wall 
on the west side of Naburn Cut. 

SCARBOROUGH.—Concrete Roof.—The 
Corporation has accepted the tender of 
Messrs. Whitaker & Co., Ltd., Leeds, for 
the construction of a reinforced concrete 
roof, covering 7,600 yards, at Osgodby, 
near Scarborough. 

WORCESTER.—Concrete Bridge.—The 
Worcestershire C.C. has accepted the 
tender of the Yorkshire Hennebique 
Contracting Co., Ltd., at £10,559, for the 
construction of Holt Fleet Bridge. 
Other tenders submitted: T. Vale & 
Sons, Ltd., £11,278; Hobrough & Co, 
Ltd., /12,688; L. |. Speight, Ltd. 
£13,005;  Gray's Ferro-Concrete Co. 
Ltd., £13,097; Purdie, Lumsden & Со, 
Ltd., £15,889 ; Reinforced Concrete Con- 
struction Co., £17,633. 
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EDITORIAL NOTES. 


Reinforced Concrete Racecourse Stands. 


IN this number we give the winning designs in the 1927 “ Concrete and Con- 
structional Engineering " Prize Competition at the London University School of 
Architecture. The prize is awarded annually by the proprietors of this journal 
for competition amongst the students of the school with the object of interesting 
young architects in the design of structures in reinforced concrete. The draw- 
ings are judged by a jury, this year consisting of Mr. H. V. Lanchester, F. R.I.B.A., 
Professor А. E. Richardson (Professor of Architecture at the School), Mr. L. Gill, 
F.R.I.B.A., and Mr. H. O. Corfiato, S.A.D.G. 

The subject set was “ А design for a Reinforced Concrete Stand for a Race- 
course," and in considering their award the jury considered the following points : 
(1) The appropriate expression of the material when concrete is the principal 
medium of construction ; (2) The general qualities of the plan. 

The design placed first, by Mr. H. Kendall, is not only an admirable ex- 
pression of the use of reinforced concrete, but also shows considerable skill in 
planning and general arrangement. The long horizontal lines inseparable from 
a structure designed to accommodate spectators at different levels are relieved 
by the vertical lines of the Royal Box. The two balconies are cantilevered so 
that there are no columns or supports to obstruct the view. A flat roof is to 
serve the purpose of an open-air luncheon and tea garden. The Royal Box, 
octagonal in shape with a dome roof, is in an angle, so placed that although 
apparently recessed from the general frontage of the stand it commands an 
unobstructed view in all directions. The plan indicates that the stand would 
be erected at a bend in the course, the two sections pivoting upon the Royal 
Box. Thus the occupants of any part of the stand have a clear view in both 
directions. It will be noted that the Royal Box is not central, so that one sec- 
tion of terracing is more than twice as long as the other; the longer section is 
placed along the straight part of the track, no doubt in view of the fact that 
most spectators prefer to see the finish of a race from a position a little behind 
the winning-post. The whole conception is an admirable piece of work which 
does credit to the author and the School. 

While the design placed second, by Mr. B. M. Johns, is well planned and 
would have an imposing appearance, it does not so happily indicate the material 
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of which it is built. It would also probably cost far more to erect than the 
winning design. Reinforced concrete is not a material that lends itself to 
“ fussiness ” in design ; a straightforward design for requirements usually leads 
to the best architectural effect and at the same time is the most economical 
in execution. 


Cement Prices. 


DuRING the past few years rapid strides have been made in the improvement 
of the quality of Portland cement, the most notable of which, of course, is the 
introduction of rapid-hardening Portland cement. Manufacturers have, in fact, 
concentrated their efforts on the production of Portland cement of a uniform 
high quality, and very large sums have been expended on new machinery and 
factory extensions to cope with the increasing demand. In spite of its superior 
quality, Portland cement has shown the smallest increase in price compared with 
pre-war prices of practically any building material, and this has now been further 
reduced as from August т last. The price reduction applies to both ordinary 
Portland cement and rapid-hardening Portland cements made by leading 
British manufacturers ; the price of aluminous cement remains as before. 

The lower price of Portland cement should considerably assist the progress 
of the concrete industry by permitting a small reduction in the costs of concrete 
construction. In works in which the cost of materials accounts for a large 
proportion of the total cost, such as roads, this price reduction will be particularly 
welcome, and give concrete an even better opportunity of competing with other 
materials. 
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Design for Reinforced Concrete Bridge at 


Prague. 
PROPOSED SPAN OF 886 FT. 


THE population of Prague, the capital of 
Czecho-Slovakia, now 800,000, is growing 
so rapidly that the demand for houses 
has become a serious problem. An 
ancient fortified town, it occupies a rather 
restricted site and is separated from the 
hills which surround it by deep valleys, 
which render the question of extension 
very ditficult. 

In order to allow for further growth, 
it was decided to connect the town to 
the suburbs of Pankrac by a huge bridge 
passing completely over the Nusle valley, 
and also over existing roads and buildings. 
The total length of such a bridge would 
be about 600 metres, 300 or 400 of which 
would be above the level of the buildings 
in the Nusle valley. The width would 
be 21 metres, 14:50 metres for the road- 
way and 3:25 metres for each pavement. 
Two tracks of tramways were to be 
provided along the middle of the 
road. 

A competition was organised for the 
design of the bridge. There were 29 
entries, r3 of which were in steel, and 16 
in reinforced concrete. All the reinforced 
concrete designs, with one exception, 
necessitated the demolition of a more or 
less large number of houses to allow for 
the erection of the intermediary piers. 
The exception was the design of M. 
Muzak, of Brussels, who has studied the 
possibility of reducing the size of the piers 
to a minimum without reducing the 
strength. This design is illustrated here- 
with by the courtesy of M. Muzak, who 
writes : 

Whilst others, with the same end in 
view, have commended the hollow arch, 
this design goes a step farther; seeing 
that the under sides of a hollow arch have 
no real structural use, and that the 
appearance of such an arch must of 
necessity be heavy and awkward, in this 
design the undersides are pierced. By 
this method it is possible to build an arch 
270 metres in length. 

This project does not necessitate the 
demolition of any houses in the valley, 
or interfere in any way with the develop- 
ment of the locality. From the hill to 
the river the roadway is carried on two 
pairs of arches 58:50 metres in length ; 


C 


from thence the roadway is suspended 
over the centre of the town from two twin 
arches of 270 metres; it is then carried 
on a pair of arches like the first, and 
finally reaches Pankrac in a series of 
small arches. 

The most remarkable part of the design 
is, of course, the middle span. Each 
of the ribs consists of four members 
connected by vertical and horizontal 
beams. Thus on all four sides of the 
complete rib there are octagonal open- 
ings. The cross-beams are stiffened by 
a diagonal bracing at intervals of 13:30 
metres. 

The vertical distance between the 
members increases progressively towards 
the ends; while the lower members main- 
tain a perfect parabolic design, the upper 
ones follow this design on the largest part 
of the arch, but at the ends follow an 
inverse parabolicdesign. They meet the 
piers 6 metres above the pavement, thus 
allowing pedestrians to walk for a dis- 
tance of about 30 metres in a covered 
gallery formed by the arch. 

The roadway is carried to the ends by 
small arcades resting on the string. In 
the middle, the designer, anxious to avoid 
the useless addition of tie-beams, but at 
the same time to ensure the greatest 
possible efficiency, has suspended the 
roadway by pairs of tie-beams connected 
by cross-beams. These tie-beams meas- 
ure 60 cm. by 60 cm., square, and have 
a hollow cylindrical core. They are 
joined under the pavement to the longi- 
tudinal beam which also carries the cross- 
beams of the roadway. These longitu- 
dinal beams are also pierced. 

From the static point of view the arches 
may be considered as interlaced and 
lightened to within 50 metres from the 
springings by an arrangement out of the 
perpendicular. This, whilst maintaining 
the continuity of the arch, reduces the 
weight and at the same time ensures a 
greater rigidity and a greater guarantee 
of stability. 

The foundation of the piers goes down 
to slatey rocks under 5 metres of clay. 
The lower part of these large piers 1s 
composed of a building of a proportion 
approaching that of the buildings already 
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existing in the valley, апа surmounted by 
an arch. 

No principle of construction is sacri- 
ficed in this project to the requirements 
of architecture, but the designer has had 
no illusions. The largest arch in rein- 
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forced concrete actually constructed has 
only 132-metres span, and no doubt 
confidence in the capabilities of a new 
material wil have to be strengthened 
before a bridge of 270-metres span is 
built. 


Soap as Concrete Waterproofer. 


Soaps added in the concrete mixer are, 
according to a paper read before the 
American Concrete Institute by Messrs. 
A. H. White and J. H. Bateman (Pro- 
fessors of Chemical Engineering at the 
University of Michigan), effective in pre- 
venting the absorption of water by capil- 
lary action, even when added in very 
small amounts, if they are added in such 
a form as to ensure extremely fine sub- 
division and dispersion in the concrete. 
As little as 0:05 per cent. of fat acid in 
the form of soap based on the weight of 
concrete is sufficient if it is finely divided 
and uniformly distributed, and if the 
concrete is well made and not cracked. 
Soaps will not in themselves entirely 
prevent the penetration of water under 
even rather slight pressure, but they will 
be of assistance. If the concrete is well 
made and thoroughly cured, the colloid 
near the surface swells when it becomes 
wet and fils the pores so completely 
that the penetration of water may stop 
before the water has progressed many 
inches from the surface, even if the con- 
crete is not waterproofed. 

This ability of plain concrete to resist 
water comes only with time and the 
development of sufficient colloid to fill the 
pores. Concrete which becomes dry 
within a few days after it is made does 
not possess sufhcient development of the 
colloid to prevent the absorption of 
water. Soaps are as effective in fresh 
concrete as in that which has aged and 
assist in preventing the penetration of 
water even under pressure. Іп so far as 
the concrete becomes wet it expands, 
and it contracts when it becomes dry, 
irrespective of the presence of soaps, 
which are effective only in preventing 
access of water. 

The strength of concrete is not im- 
paired by the addition of soaps in the 
proportions stated above, provided it is 
kept damp continuously after pouring 


until it has attained the desired strength 
and provided the soaps have not caused 
foaming and consequent entrainment of 
air. The strength of concrete of a given 
composition is a function of the amount 
of cement which has reacted with water 
and may be plotted as a function of the 
water held in combination. Plain con- 
crete which has been allowed to dry and 
subsequently becomes wet will resume 
the hardening process and gain in strength. 
Concrete containing soaps gains strength 
very slowly after it has once become 
dried because it resists the absorption of 
water. Special pains must, therefore, be 
taken to keep concrete containing soaps 
damp for at least seven days if it is to 
attain a strength comparable with plain 
concrete. 

The shrinkage of concrete on drying is 
a function of the quantity of cement and 
the degree of its hydration and will not 
be lessened by the use of soaps. The 
same precautions must therefore be taken 
to prevent shrinkage cracks in water- 
proofed as in plain concrete. Soaps are 
not able to prevent the penetration of 
water through cracked concrete. They 
will retard-the penetration of water into 
dry concrete, and therefore help in pre- 
venting volume changes due to alternate 
exposure to wet and dry conditions. If 
the concrete is kept damp until it is 
properly cured, there should be only 
slight diminution in strength due to the 
waterproofing. Conditions may readily 
arise in service where the waterproofed 
concrete will be distinctly stronger than 
the plain concrete. A concrete slab wet 
and expanded on one side and dry and 
contracted on the other side is subject 
to powerful shearing stresses which 
weaken it materially. A slab which 15 
waterproofed should not absorb water to 
nearly the same extent and therefore 
should not be weakened so much under 
similar adverse conditions. 
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SEA-WATER STRUCTURE. 


Sea-water Structure constructed with 
Aluminous Cement Concrete Foundations. 


By W. F. WAY. 


Introduction. 


WITH the completion of Pier No. 6, the 
Repair and Fitting-Out Pier at the Puget 
Sound Navy Yard, another type has been 
added to the many types of existing rein- 
forced concrete sea-water structures. 
Table I gives a short description of the 


inders sunk and core poured by 


| concrete 0f 1: 2:3: 3:5 mix. 
| pneumatic method. 


| | 


five distinct types are in existence. 
Naturally the later piers have profited 
from the experience gained in the con- 
struction of the earlier piers and from 
the general progress in reinforced concrete 
construction, which has changed con- 
siderably during the period of fourteen 
years. 

Pier No. 6 was designed for a uniform 
live load of одоо lbs. per sq. ft. for all 


areas except that portion adjacent to the 
350-ton stationary crane, where the load 
was increased to 1200 lbs. per sq. ft. The 
moving loads on the standard-gauge track 
were equal to those of a 30-ton locomotive 
crane while those for the 20-gauge tracks 
were equal to the loads of the 50-ton dry 


` structure built at the Navy Yard, where dockcrane. With the boom in the critical 
TABLE I. 
Structure Date | Size Foundation | Deck 
Pier No. 8 | IQII 60 ft. by | Diameter of cylinder shaft, 3 ft.; | Structural steel 
| 402 ft. | base, 6 ft. Shell 3 in. thick, of encased in con- 
I:2 mortar. Seal made with crete with con- 
| bottom-dump bucket. Core mix crete slab. 
I:2:4. Soil bearing. 
Pier No. 4 1913 Зо ft. by | Diameter of cylinder shaft, 4 ft.; | Monolithic deck 
| 480 ft. base, 11 ft. Cylinder poured in construction of 
place in watertight wood forms. reinforced con- 
: Mix 1:2:4. Seal made with crete. Beams 
í tremie. narrow and deep. 
5 Mix 1:2: 4. 
Pier No. 5 I92I 80 ft. by | Cylinder shaft diameter 4 ft. 6 in. | Same as Pier No. 
1,200 ft. and 4 ft., with 13 ft. and II ft. 4, except mix 
bases respectively. Pre-cast shells was I : 3°75: 4°25. 
6 in. thick in Portland cement 
concrete of 1:2:2 mix. Cylin- 
der sunk and core poured by 
pneumatic method. 
Pier No. 4 1923 80 ft. by | Same as Pier 5. Deck beams апа 
Extension 720 ft. girders pre-cast 
Portland се- 
ment concrete, 
I: 375 : 4°25 
m i x. Slab 
poured in place. 
Pier No. 6 | 1925-6 | тоо ft. by | Cylinder shaft 4 ft. 6 in. with 15 ft. | Beams and girders 
1,318 ft. 3 in. base. Pre-cast shells 6 in. broad and shal- 
thick in high alumina cement low. All poured 


Cyl- in place. Mix 


1:2:3: 4725. 


position the first eight wheels have a 
reaction of 83,000 lbs. each and the second 
eight wheels 40,000 Ibs. each ; the wheel 
spacing is 3 ft. 9 in. Alllive loads were 
reduced as follows : 

Slab and panel beams, no reduction ; 
longitudinal beams, 1o per cent.; cross 
girders, 20 per cent. ; cylinder foundation, 
3o per cent. The load on the foundation 
piles was 25 tons per pile. 
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The unit stress in the reinforcing stec! 
was limited to 12,500 lbs. рег sq. in. ; 
this low figure is used by the Navy in 
order to obtain small deflections. The 
concrete stress was limited to боо Ibs. 
per sq. in. (for 2000 lbs. concrete), except 
for negative moment over supports when 
the allowed stress was increased to 750 
lbs. per sq. in. 

The concrete mix for the aluminous 
cement concrete was 1:2: 3:3; these pro- 
portions are for a dry rodded mix. The 
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average field mix, after making proper 
allowance for bulking, was 1:2:3: 3.5. 
The cement content was 6-23 cu. ft. per 
cubic yard of concrete. А slump of 6 in. 
to 7 in. was used, and the average com- 
pressive strength of the 6 in. by 12 in. 
test cylinder was 4825 lbs. per sq. in 
in 24 hours and 5256 lbs. per sq. in. in 
28 days. The dry rodded mix for the 
Portland cement concrete cores for the 


foundation cylinders was I : 2 : 4, and the 
field mix was 1:2:3:4:25. With an 
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average slump of 2 in. the 28-day strength 
was 3196 lbs. per sq. in., and for 60 days 
4101 lbs. per sq.in. The cement content 
was 5-6 cu. ft. per cubic yard. This mix 
was also used for the deck construction, 
but the water content was increased to 
give a slump of 4 in. and naturally the 
strength fell to 2726 lbs. per sq. in. in 
28 days and 3548 lbs. per sq. in. in бо 
days. The concrete cover on all main 
members was 21 in., and on the slab r in. 
All concrete was mixed for at least one 
minute after all ingredients were in the 
mixer drum. 


Design and Construction. 


The problem of determining the most 
economical design for a pier of this char- 
acter naturally requires considerable 
study, and the solution must necessarily 
vary with the contractor's experience and 
equipment. It is the problem of deter- 
mining the design of the minimum cost 
and involves not only quantities of 
materials but also unit prices, which unit 
prices, dependent upon the simplicity and 
uniformity of lay-out, upon adaptability 
to use of contractor's equipment, and 
especially upon the amount of tidal inter- 
ference with the deck construction, are 
factors quite as important as the various 
amounts of materials involved. In the 
design which was accepted by the Navy 
Department, and in accordance with 
which the pier was built, the above con- 
ditions for low cost were all met and 
fairly well satisfied. 

Several sets of preliminary designs 
and lay-outs were made. The criterion 
selected by Waddell for economical bridge 
construction, namely, that the cost of 
the substructure should equal the cost of 
the superstructure, was taken as the basis 
for comparison. In these comparisons, 
all constant items such as fender system, 
trackage, bituminous carpet, bollards and 
cleats, etc., in the superstructure, and the 
foundation piles in the substructure, were 
disregarded. 

The importance of uniformity of con- 
struction should be emphasised. While 
concrete piles were not applicable for use 
in the outboard portion of this pier, they 
could have been used in the inshore por- 

tion. А combination of concrete суйп- 
ders and piles involved, however, two 
separate and distinct plant lay-outs, and 
it was unquestionably more economical to 
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use the cylinders throughout. Apart 
from cost, it is believed that the cylinder 
type of construction has advantages over 
pile construction, especially where heavy 
live loads are to be handled. 

As a matter of comparison, a 4 ft. 6 in. 
diameter cylinder, similar to those used, 
has the load-carrying capacity of eighteen 
18-in. square reinforced concrete piles. 
In the piles, there is 3-7 times the amount 
of steel and 2-65 times as much concrete 
as in the cylinder, but decidedly more 
important is the fact that the piles have 
6-5 times more surface of exposure 
between tides than thecylinder. Further, 
it is believed that the concrete in the 
cylinders, due to the elimination of hand- 
ling and driving stresses, is in better 
condition than would have been the case 
had piles been used. It is safe to say 
that the cylinders contain practically no 
cracks, but the same statement with 
respect to pre-cast concrete piles cannot 
be made with equalassurance. While the 
minute cracks in reinforced concrete piles 
have not been proved to be vital, and 
especially when they occur below low 
water, still the elimination of any cracks 
in reinforced concrete in sea water should 
be considered advantageous. 

From a number of lay-outs studied, two 
plans were given serious consideration. 
They are illustrated with the plan pre- 
pared by the Navy and shown on p. 534. 
From available data it was decided that 
design 3B was the most economical as 
indicated by the above comparison. It 
is fully realised, however, that this deci- 
sion depends upon the unit prices used, 
and that others might arrive at different 
conclusions. The principal advantages in 
design 3B are are follows :— 

(1) Equal spacing of cylinders in the 
bents, which simplified the temporarv 
bracing to hold them in position until 
the deck was poured. 

(2) Same elevation for bottom of all 
longitudinal and panel beams. 

(3) Minimum amount of formwork, 
which means a minimum amount of sur- 
face exposed to the elements. 

(4) Formwork typical (it will be noted 
that there are but three sizes of deck 
panels and that all longitudinal beam 
sides are the same). 

(5) Practically all formwork is above 
ordinary high water, which allowed un- 
interrupted work. 

(6) Wide spacing of reinforcing bars, 
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Five Soil-B earing Cylinders ready to be removed from Casting Platform, 


showing inner Shaft Forms and outer Bell Forms. 
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with consequent facility for placing con- 
crete. 

The fact that all members were of such 
a size that a workman could easily enter 
them and clean them out, or adjust mis- 
placed reinforcing steel immediately before 
the concrete was poured, is of importance, 
and is a practice that might well be 
followed in all outside construction work. 
The breadth of the main deck beams 
(7 ft.) is somewhat unusual. The pri- 
mary reason for this was to permit the 
heavy-moving standard-gauge crane loads 
to be carried by one beam. Separate 
beams under each rail were first consi- 


dered. With two beams, however, it was . 


necessary to design each beam to carry 
the maximum crane load which occurred 
when the crane boom was at an angle of 
45 deg. with the centre line of the track ; 
but in this position the beam on the side 
opposite to the boom carried practically 
no load whatever. 

It therefore proved much better to 
combine the two individual beams, which 
naturally resulted in a great reduction of 
total crane load for the one combined 
beam over that used for the two separate 
beams. The tendency for torsional 
stresses in the one beam when practically 
the total load was on one rail, was counter- 
acted by the сгоѕѕ-рапе beams. А 
further benefit of the use of this wide 
beam is the fact that 35 per cent. of the 
uniform live load was carried directly to 
the cross-girders. The width of the main 
beams also materially reduced the span 
of all transverse beams. 

One-and-a-half inch round deformed 
bars were used for all main tensile rein- 
forcement, and all stirrups in the main 
members were either Z in. round or 141. 
round. The use of these sizes reduced 
the number of bars to be handled to a 
minimum and afforded better embedment 
and placement; also, for this reason 
round bars were used exclusively. 

All members of the deck were designed 
as continuous members. The graphical 
spline method and the analytical method 
of coefficients developed by H. M. Hadley 
were used for stress determinations. All 
calculations were checked by the Bureau 
of Yards and Docks using the theorem of 
three moments. 

The pier is provided with two expansion 
joints of the cantilever type. This pro- 
vision allows an entirely free longitudinal 
movement, but does not permit horizontal 
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displacement due to a system of concrete 
lugs on one cantilever fitting in pockets 
built in the adjacent cantilever. The 
joint has worked very satisfactorily. and 
regular movements occur with varying 
day and night temperatures. From ob- 
servations taken it was found that there 
was 4 in. movement with a change of 
17 degrees temperature of air, which in 
боо ft. amounts to a coefficient of 0-000029, 
or about one-half the established tem- 
perature coefficient of expansion of con- 
crete. This difference is probably due 
mostly to restraint offered by the cylinders 
and to the concrete having less tempera- 
ture change than air. 

As stated, it proved more economical 
to use cylinder construction throughout. 
Soil-bearing cylinders were required for 
the inner half of the structure, where 
suitable foundation was found from 4 to 
I8 ft. below the mud line. In this work 
the cylinders were set in place, weighted, 
and equipped with an air-lock, after 
which they were entered and worked 
down by blowing the spoil out under the 
cutting edge so long as reasonable pro- 
gress was made, which depended upon 
the character of the soil and the depth of 
cutting edge. Following this the cylin- 
ders were sunk to grade by hoisting the 
spoil out through the air-lock in buckets. 

For the outboard half of the pier the 
foundation cylinders were carried by un- 
treated pile clusters. This work was 
handled in the same manner as on the 
previous piers. On the extreme outboard 
end, piles up to a length of 107 ft. were 
used. Due to the very soft overlying 
material on the bottom, these piles would 
settle approximately 50 ft. under the 
weight of piles, follower, and hammer. 
They were driven to refusal with a 5000- 
lb. steam hammer апа 60-ft. steel fol- 
lower, which weighed about 10,000 lbs. 
and incidentally reduced the effect of the 
blow 50 per cent. due to its weight. 

In the crane foundation, where 36 piles 
were placed under a 14 ft. 6 in. inside dia- 
meter cylinder bottom, or 2 ft. 3 in. centres. 
remarkably accurate driving was revealed. 

The cylinder shells for this pier were 
originally designed in Portland cement 
concrete, and it was the intention to cast 
them in a manner similar to that used for 
Pier Хо. 5 and Pier No. 4 Extension*. 
The change to the use of high alumina 


* See CONCRETE AND CONSTRUCTIONAL EN- 
GINEERING, May, 1924. 
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Underside of Pier showing Batter Cylinder at Crane Foundation. 


cement was made after the contract was 
awarded, and resulted in à reduction in 
the contract price. Full credit for this 
change is due to the Navy Department, 
who had previously investigated this 
material and satisfied themselves as to its 
fatness for this work. 

The use of high alumina cement for 
the cylinder shells meant an immediate 
increase in cost of shells over 
cement of 45,009 dollars. 
however, effected as follows : 
land cement € Діпдег shells required the 
use ofan elaborate casting and assembling 

-ard located three or four miles from the 
site of the pier, and consequently another 
complete mixing plant would have been 
mecessary- The method used on the 
eza rtlier piers, of casting the bell sections 
ylinder shafts, would have been 


жазтпіпБ the 
the skidway, 
= pices, launching. 
the pier site would have been required. 


D 


The stresses induced by early handling 
required a material increase in reinforce- 
ment and shell thickness in the bell 
sections, 25 also did the splicing of the 
sections. 


alumina cement permitted the entire 234 
cylinders required for the job to be cast 
on a small timber pier 20 
immediately adjoining an existing timber 
pier, and also rmitted the stripping of 
forms and immediate installation in the 
pier when the cylinders were only 24 
hours old. 

The adopted method of casting the bell 
and cylinder shaft in a vertical position 
in one complete unit, and the handling 
method employed, permitted the pre-cast 
sections to ini i 
with minimum reinforcement, and effected 
a considerable saving of these materials. 
Certain risks were naturally involved in 
this previously-untried operation, b 
advantages to be gained seemed sufficient 
to warrant the adoption of the design and 
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method of construction and it was there- 
fore selected. In actual results the use 
of the high alumina cement and the 
method for casting cylinders fully justi- 
fied the contractor's decision regarding 
them. 

The small casting pier, as stated above, 
was 20 by 1oo in plan. On this, covering 
the entire area and extending 25 ft. on 
the existing structure, was erected a 
working tower 60 ft. high with four plat- 
forms at different elevations. А 12-іп. 
stiff-leg derrick with 60-ft. boom was 
erected on the top of the tower. By 
means of this derrick all the forms were 
handled, the skeleton cages of the rein- 
forcing steel placed in position, and all 
additional reinforcement handled. On 
: the water side of this tower were the five 
bays where the cylinders were cast and 
from which the floating stiff-leg derrick 
swung them into the water with only a 
few inches lift and then carried them to 
the site. 

Forms were provided for five complete 
cylinders. Inside shaít forms of steel 
were made in one unit and constituted a 
hollow cylinder 3 ft. 6 in. diameter and 
45 ft. long. This was cut for its entire 
length along one element. The outer 
shaft forms were made of semi-circular 
section in about 15 ft. lengths. The outer 
bell forms were also in semi-circular 
sections. 

The success of this method of cylinder 
construction hinged upon two vital 
factors, the first of which was the ready 
and easy removal of the inside bell form, 
and the second was making this form of 
such shape and section as to permit one 
form to accommodate itself to six different 
changes in the vertical height of bell 
sections. On previous jobs the height of 
the bell section had been kept constant 
and the bell diameters varied to suit the 
pile clusters. By holding the outside bell 
diameter constant, however, and by 
varying the height of the bell section, the 
same result was accomplished without the 
use of any additional material and with a 
very considerable simplification of work 
and saving in cost. | 

The inner bell forms were made of wood 
and covered with sheet metal. Only one 
set—five in number—was used on the job. 
The deck of the casting pier contained 
circular holes to allow the removal of 
these forms by lowering them into the 
water, where they floated freely until 
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required again. When in use they were 
supported at the desired height by dogs 
which framed into the deck structure. 
This feature worked admirably and con- 
tributed largely to the success of the 
cylinder construction. 

The concrete was mixed on a floating 
mixer, handled from there by bucket to 
a concrete hoist which elevated the con- 
crete to the desired platform. The con- 
crete was taken Бу buggies from hoist to 
cylinders. It was dumped into the forms 
at two places diametrically opposite each 
other, and tamped by rods and bv 
vibrating the forms with pneumatic 
hammers. 

Forms were removed in from sixteen 
to twenty hours, and twenty-four hours 
after the concrete had been placed these 
large cylinders, weighing on an average 
fifty tons, were rigged with cable chokers 
I5 ft. to 20 ft. below their tops, lifted a 
few inches above the pier deck by the 
floating derrick, which then, with its load. 
backed clear of the pier to lower the 
cylinders into the water. An average of 
two cylinders complete per day was 
maintained. 

The cylinders were set in place with 
the same floating shearleg derrick used in 
removing them from the casting pier. 
The general design of the bracing svstem 
to hold the cylinders in line after being 
set was practically the same as emploved 
during the construction of Pier No. 4 
Extension. The pneumatic method em- 
ployed in sinking the cylinders and pour- 
ing the cores with concrete was also similar 
to previous methods used. The air-lock 
and concrete locks, however, were greatly 
improved, especially the concrete lock. 
which was enlarged to hold a full mixer- 
batch and was attached directly to the 
top of air lock. 

In designing the deck, the system of 
falsework and method of handling forms 
was given considerable thought. All 
work, however, was based upon the idea 
that the only logical plan was to carry all 
construction loads by the cylinders them- 
selves, as was done in Pier No. 4 Exten- 
sion, since with the cylinders in place and 
amply capable of carrying all construction 
loads it seemed fundamentally extrava- 
gant not to make use of them. Ву cast- 
ing the cylinders with an enlarged rect- 
angular top, and at a very trifling 
expense, they were made suitable for this 
purpose. On these enlarged tops were 
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8 in. by 18 in. Stringers to carry Formwork. 


seated heavy trussed beams spanning by the small floating derrick. The deck 
from bent to bent, a distance of 25 ft. concrete was poured with two floating 
centre to centre of bearings. mixers, one on each side of the pier- The 
With the trussed beams in position а concrete уаз handled from mixer to forms 
complete deck of 8 in. by 18 in. timbers Dy buckets and a derrick on 4 mixer scow. 


— was laid spanning across them. Тһе  350-ton stationary hammer-head type 
use of such large timbers may be ques- crane will be placed, and unusually heavy 
tioned as it was necessary to have а suffi- foundation and deck construction were 
«ient number for eight bays in order to naturally required for it. Apart from 
maintain the pouring schedule. However, the heavy sections, there is nothing un- 
jt 13 believed that 4 close study will usual in the framing. The brace cylin- 
vindicate their use, especially when it is ders, however, are worthy of comment 
-realised that they entailed no framing ОГ since the battered foundation piles and 
maintenance charges whatever, that they the placing of these cylinders involved 
were capable of being freely and roughly unusual construction. 

handled with the floating derrick, that The unit cost of this type of structure, 
they were very simple to place, and that after deducting all items not relating 
at the completion of the work they were directly to the pier and the items of track- 
found to have à very considerable salvage work and electric conduits, which are 
value. Directly on top of the 8 in. by considerably 10 excess of such installation 
18 in. floor the deck forms were placed. in commercial pier construction, i$ 8.30 
Progress demanded forms for about one- dollars per square foot. 

sixth of the entire structure, and this In comparing this unit cost with other 
amount with ordinary minor repairs types of pier construction, however, due 
proved sufficient for the job. All forms consideration must be given to the narrow 
were made in panels and handled mostly width of this pier, to the heavy live loads 
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and low unit stresses, and to the existing 
subsoil conditions, all of which were 
factors tending to increase the cost of this 
structure. 

The general plan of the pier was deter- 
mined by the Navy Yard under the direc- 
tion of Captain E. R. Gayler, then Public 
Works Officer at the Yard. Admiral L. E. 
Gregory, Chief of Bureau of Yards and 
Docks, approved the alternative design 


Complete Deck, Formwork and 8 in. by 18 in. Timbers. 
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tion details and ай inspection work was 
done under the immediate supervision of 
Lt.-Com. J. J. Manning, who was assisted 
by Associate-Engineer E. C. Jack. For 
the contractor, Col. J. P. Mackenzie was 
general superintendent. The engineers 
and contractors were Messrs. Herry and 
McFee, for whom the writer is chief 
construction engineer and who designed 
the pier and determined the construc- 


submitted by contractor. The construc- tion methods and details. 


Patents and Trade Marks in the Irish Free State. 


MESSRS. RAYNER & Co., patent agents, call attention to the new situation which 
will be created by the passing of the new Patents and Trade Marks Act in the Irish 
Free State. Previously, British patents and trade mark registrations have covered 
the whole of Ireland, but when the new Patent Act is in force they will automatically 
cease to function in Saorstat Eireann. 

It is necessary for all holders of British patents and trade marks desiring to retain 
protection in Southern Ireland to take out fresh patents or trade marks there. British 
patents granted before 6 December, 1921, will be continued upon the Irish Register 
if a copy of the patent is lodged in Ireland and renewal fees paid as in England. 
Similar privileges applying to registered trade marks and designs. 
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Book Reviews. 


'" ErPddruch, Erdwiderstand und Trag- 
faehigheit des Baugrundes." Dr. H. 
rey. (296 pp. 208 illustrations, 117 
tables. 
Berlin: Wilhelm Ernst & Sohn. 
cloth, 23.40 mk. 


Paper, 21.60 mk., 


Tuts book deals with earth pressure in 
all its aspects and the carrying capacity 
of soil, and is a valuable treatise for 
engineers wishing to penetrate into the 
mvsteries of the various theories that 
have been developed during recent years 
to try to account for the many deviations 
from the older and generally-accepted 
theories of earth pressure that constantly 
occur in practice, and which sometimes, 
on account of the consequential results 
in respect of the structures involved, call 
attention in no uncertain measure to the 
unreliability of the earth pressure theories 
in general. Thus the collapse of some 
important wharves in Sweden gave rise 
to a serious revision of the old formule 
and the introduction of the new theory 
of cvlindrical planes of rupture, which 
seems to approach the really existing 
conditions somewhat more closely than 
the theory based on plane surfaces of 
rupture. This former theory and numer- 
ous others are all treated very exhaust- 
ively and a critical comparison between 
their respective values is given by the 
author. He introduces a new concep- 
tion of earth pressure, the '' natural earth 
pressure," and uses this in developing 
his formule—both for lateral pressure 
and vertical resistance to loading; his 
calculation of the carrying capacity of 
piles is very interesting in its novelty and 
is based on methods entirely different 
from the old pile-driving formule, for 
which the author entertains a deep, and 
perhaps not unfounded, distrust. 

The contents of the book are divided 
into ten chapters, describing the basis 
and first principles underlying the earth 
pressure theories and their practical appli- 
cation; the resistance of the soil to 
lateral and vertical forces; the influence 
of cohesion on the results previously 
described ; practical examples based on 
the foregoing formule and on the earth 
pressure tables introduced in the book ; 
and finally a most interesting chapter on 
the agreement between the author's 
theoretical representation of the рго- 
blems and the actual occurrences in a 


moving body of earth. This chapter 
contains a series of what almost amounts 
to moving pictures showing the behaviour 
of the separate particles of earth under 
various tests, and from which the magni- 
tude of the movement and the direction 
of the forces acting are clearly visible. 
The test box used in these experiments 
had a glass side through which photo- 
graphs of the mass of earth contained in 
the box were obtained, sharp enough to 
distinguish the individual particles of the 
soil; slight movements of the end wall 
of the box cause some of the particles to 
move and to record their movement on 
the photographic plate by a line giving 
the direction and length of the sliding 
due to this and other disturbances, such 
as the placing of vertical loads on base 
plates, the driving and extraction of 
piles, the side movements of sheet piling, 
both anchored and free. 

A study of these photographs, giving, 
as they do, the actual happenings in the 
ground under the influence of everyday 
forces and disturbances, will be an eve- 
opener to most engineers, and should be 
of great assistance in helping to clear 
one's conception of the phenomena con- 
nected with earth pressure generallv. 
For this chapter alone the book is worth 
acquiring, even although the theoretical 
matter may be found a little too heavy 
for the average engineer, and the pic- 
tures of course have the advantage of 
requiring no linguistic skill to decipher.— 
К.М. 5. | 


“Introduction to Reinforced Concrete 
Design.” By A. Sutherland and N. W. 
Clifford. 412 pp. 


London: Chapman and Hall, Ltd. Price 205. net. 


THis book is the combined effort of а 
professor and a consulting engineer, Mr. 
Sutherland being Associate Professor of 
Structural Engineering at the Massa- 
chusetts Institute of Technology and 
Mr. Clifford, a consulting engineer prac- 
tising in Boston. The result is a useful 
and fairly comprehensive text-book set 
out and printed in the excellent manner 
which is characteristic of many American 
technical books. 

One point of interest is that the theo- 
retical treatment of beams is based upon 
the equivalent plain concrete section 
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which was first developed in English text- 
books by the author of this review. 

After an historical note we have a short 
chapter upon concrete materials, followed 
by one on proportioning concrete in which 
the water-cement ratio theory is explained 
at some length. 

Next follow two short chapters upon 
properties and manufacture of concrete 
and forms, after which we come to the 
first long chapter which deals with beams. 
The treatment here follows upon orthodox 
lines and has the usual American succinct 
style, which is suitable for readers having 
a good mathematical equipment but is 
rather difficult to follow by the '' weaker 
brethren ” who may nevertheless be very 
good engineers. 

After two short chapters upon com- 
pression members and formulas, dia- 
grams and tables, we pass to the first 
chapter upon design proper which deals 
with retaining walls and is clearly set 
out. Next follows another design chap- 
ter dealing with highway bridges, from 
which we pass to a short chapter—too 
short we think—upon continuous beams 
and rigid frames in which the slope deflec- 
tion method is outlined. Two useful 
and very clearly illustrated chapters on 
building design follow—including a treat- 
ment of flat slab floors and the calcula- 
tion of bending moments in columns. 
Then we come to one on arches ; this, 
we think, will prove of most value to 
practical designers and explains at some 
length Mr. C. S. Whitney's method of 
simplifying the integrations involved in 
the elastic arch theory 

The Joint Committee Report of 1924 
and excellent diagrams and tables form 
the bulk of a rather lengthy appendix.— 
E. S. A. 


“The Science of Road Making." By J. W. 
Green and C. L. Ridley. 


London i Crosby Lockwood & Son. Price ros. 6d. 
net. 

WHILE we fully realise the desirability of 
conciseness in technical books, we feel 
that the authors of this volume have 
attempted too much in compressing into 
133 pages, with large type and ample 
margins, ''a scientific and practical 
treatise dealing with road construction in 
its most modern forms," which the title 
page tells us is the scope of the work. 


544 


CONCDE TE 


All methods of construction and materials 
are dealt with, but, certainly in the case 
of concrete roads, too briefly to be of 
real value to the reader. Besides two 
brief suggested specifications, the con- 
crete road is covered in about 10 pages. 
Thus the information is in the form of 
general statements which make it neces- 
sary for the reader to seek elsewhere for 
the details. The result is such sentences 
as the following: ‘ For foundation work 
it is only necessary that the aggregate 
should be as strong in compression as 
the concrete itself’’; surely this needs 
further amplification to make it under- 
standable to the reader? We are told 
that a dense concrete is necessary, but 
an explanation of the principles of grading 
seems to have been omitted. The book 
suffers from want of detail, without 
which it does not seem to fulfil any useful 
purpose. 


"The China Architect's and Builder's 
Compendium,” 1927. Edited by J. T. 
W. Brooke, A.R.I.B.A., and R. W. Davis. 


Shanghai: North China Daily News & Herald, Ltd. 
Price 10s. 


THE importance of the construction 
industry in China is indicated by this 
volume, which does credit to the enter- 
prise of its publishers. It is well printed 
in English throughout, and should be 
useful to architects, engineers and con- 
tractors in this country concerned with 
building operations in China. It gives 
full particulars of rates, water, electricity, 
and gas supplies, local building rules, 
local weights and measures, prices of 
material and labour, data for estimating 
the cost of buildings in China. The 
building regulations of the Shanghai Muni- 
cipal Council for reinforced concrete and 
steel construction are given in full. 


“Building Construction." By Charles F. 
Mitche ell. Revised by George A. Mitchell. 


London: В. T. Batsford, Ltd. Price 6s. 64. pet. 


Tuis volume is the tenth edition of a work 
that is a textbook in most building 
schools, and deals with elementary sub- 
jects. It may without hesitation be sad 
to be indispensable to any student of 
building. It contains over 1,000 pages 
and 1,000 illustrations, and is one of the 
cheapest books published in view not 
only of its size but what is more important 
the value of its contents. 


QUESTIONS AND ANSWERS. 


Questions and Answers relating to Reinforced 
Concrete. 
Readers are cordially inrited to send in questions relating to concrete. These 


questions will be r 
once dircct and 8 
interest. 


lied to by an expert, and, as fur as possible. answered at 
nily published where (hey are of sufficient general 
Readers should supply full name and address, but only initials will be 


ished. Stamped encelopes should be sent for replies.—ED. 


Proofing Concrete Floors. 


QUESTION.—I would be very much 
obliged if you could tell me of any sub- 
stance, either to mix in a concrete plaster 
o* to apply to a concrete surface, that 
wuld render concrete impervious to oil 
and other such foreign matters. 

I am building a pumping station the 
floor of which is of reinforced concrete ; 
underneath is the pump well, and I am 
very anxious that the floor of the pump 
house be impervious to oil, etc., as nothing 
looks worse in an engine room than a 
dirty stained floor, which is often the 
case after the machinery has been dis- 
mantled a few times. Out here it is 
almost impossible to get a good tile; and 
quite impossible to get tiles well laid. 
Consequently I should be pleased to hear 
if you know of any way of treating con- 
crete so that it becomes hard and non- 
porous, and at the same time not too 
smooth and slippery. 


Tientsin. 1. L. 


ANSWER.—The usual method of mak- 
ing concrete impervious to oil is to treat 
it with silicate of soda. The method is 
to apply a solution of silicate of soda 
diluted with 4 parts of water over the 
face of the concrete, after it has hardened, 
with a brush or broom. It is necessary 
to brush it continuously over the surface 
for several minutes to obtain an even 
penetration. This application should be 
allowed to dry, and 24 hours later a 
second application given. After a lapse 
of another 24 hours the same treatment 
is applied again. Thus there are three 
separate applications of the solution with 
intervals of 24 hours. 

It might also be advisable to use a car- 
borundum surface in order to get a non- 
slippery floor. This would also darken 
down the concrete and lessen discolora- 
tion caused by oil. The carborundum 
powder is sprinkled through a sieve on 
to the wet concrete using between 1 and 
2 Ibs. of carborundum powder per square 
yard of concrete according to the degree 
of non-slipperiness required. The powder 
is lightly rolled or pressed into the sur- 


face of the concrete, taking care not to 
force it below the surface. 

There is, so far as we know, no method 
whatever of preventing concrete from 
becoming discoloured if oil is allowed to 
come in contact with it. 


Water Tanks. 


QUESTION.—In the last paragraph of Mr. 
Leslie Turner's article in the June num- 
ber of CONCRETE AND CONSTRUCTIONAL 
ENGINEERING he refers to a reinforced 
concrete tank the depth of which is 
greater than the breadth. Is it allow- 
able to design the smaller sides of such 
a tank as cantilevers, considering that 
the maximum bending moment will 
possibly be in the horizontal span ? 

Can you refer me to any literature 
dealing with the stresses in slabs sup- 
ported or fixed on three sides ? 

C. R. K. 
Stockton-on-Tees. 


ANSWER.—With regard to the first 
point, it is not allowable to design walls 
the lengths of which are less than their 
heights, wholly as cantilevers. Near the 
base, however, and particularly in the 
middle between the corners of the tank, 
a certain amount of cantilevering action 
will take place. The balance of the load 
will be carried by spanning horizontally 
between the corners, and particularly 
by the fixing moments at the corners. 

The design referred to on page 389 was 
prepared for general application and to 
cover all cases within the limits specified. 
The full amount of vertical (or cantilever) 
reinforcement has therefore been retained, 
although the crossbars and corner bars 
in this particular case really carry a good 
proportion of the load and were inserted 
for that purpose. 

We regret we cannot refer our corre- 
spondent to any literature dealing fully 
and exclusively with the matter he 
requires, although the subject of relative 
deflections is usually considered in modern 
textbooks on concrete and elastic struc- 


tures. 
L. T. 
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REINFORCED СОМСКІ 


FOR А RAC 
(See also pp. 


Design placed second. 
(University of London § 
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Detail of Royal Box. 
Design placed second. By Mr. B. M. Johns. (See pp. 546-7.) 
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Reinforced Concrete 


Church at Montmagny. 


Messrs. A. & G. PERRET, the well-known 
French architects, who specialise in the 
design of reinforced concrete structures, 
have just completed another remark- 
able church at Montmagny, near Paris. 
As will be seen from the illustrations, 
they have adopted the same ideas of very 
large window areas filled in with a pat- 
tern carried out in pre-cast concrete as 
in the case of the church at Raincy, 
designed by the same architects and 
illustrated in our number for January, 
1924. 

This new church has a length of 118 ft. 
and a width of 42 ft. 8 in. by a height of 
42 ft. The tower rises to a height of 
104 ft. In plan, the nave is very wide 
—practically the whole width of the 
church—the two narrow aisles being 
about 14 ft. high only; this is shown in 
the interior view. 

The side walls of the nave, above the 
aisles, each consists of four reinforced 
concrete columns, the spaces between 
which are filled with tracery work in 
concrete, the pattern being formed of 
squares, crosses, circles and triangles. 
These shapes are uniform in size, and by 
this means it was possible to use the 
moulds repeatedly and thus keep down 
the cost without producing a monotonous 
repetition of pattern. 

It will be noted that a very effective 
pattern has been produced on the walls 
to the aisles; this has been obtained 
by using concrete blocks whose length is 
twice their height and laying them in 
pairs on edge and on their side alter- 
nately. 

The principal roof comprises a rein- 
forced concrete vault on which is built 
first a hollow-brick vault and finally a 
layer of cement mortar provided with 
expansion joints. 

The total cost of the building complete, 
including heating apparatus, electric 
light fittings, altars, fonts, and furniture, 
was the remarkably small sum of /2,600, 
reckoning rate of exchange as {т = 125 
francs. 


Church in Paris. 


Wealso illustrate a design by the brothers 
Perret for a votive church to Joan of Arc 
in Paris. This illustration is given by 
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Churches in France. 


permission of The Manchester Guardian, 
from which we take the following : 

The total height of the church is about 
650 ft. The tower is calculated to stand 
the weight of 20 tons of bells, or five tons 
less than the Kremlin. An organ of 50 
stops is planned for the church. The 
lower tier of the church 15 largely com- 
posed of glass set in concrete tracery of 
severely geometrical design. There, how- 
ever, the severity ends. Each enormous 
window, which is rectangular, is divided 
into three sections, and over the three 
sections an enormous, high-shouldered 
cross appears in the glass, being merely 
outlined by its colouring. Within the 
cross are pictorial designs, the rest of the 
space being filled with a blaze of blues, 
reds, purples, outlined with little pin- 
points of light, after the manner of the 
twelfth and thirteenth century windows 
at Chartres. Unlike any windows that 
have gone before, the glass itself contains 
the other coloured glass which gives point 
to the whole. The second tier, the com- 
parative slimness of which gives grace to 
the whole, is treated similarly, being made 
of enormous atelier windows filled with 
coloured glass. So important is the glass 
in the building that it is made double 
with a space between and small iron lad- 
ders which facilitate its cleaning. On the 
top of the third longer and still more 
slender tier is a concrete canopy sur- 
mounted by a cross of the same material. 
The canopy contains a golden statue of 
the saint who is being commemorated. 

Unlike Norman architecture, it is all 
exceedingly light and slender; unlike 
Gothic, it dispenses entirely with the fly- 
ing buttress, the strength of the concrete 
comparing to its great advantage with 
that of pieces of stone mortared together. 

While any deviation from an estab- 
lished tradition is apt to shock not only 
the eye but the feelings, the use of con- 
crete, with its greater strength, its adap- 
tation to modern needs, and, also most 
important, the fact that it costs about a 
third of the ordinary stonework, is an 
honourable attempt to express a feeling 
common to the fifteenth and the twen- 
tieth century alike, in a language which 
is alive. The present need for housing 
large congregations demands a huge build- 
ing with corresponding height and light. 
An atmosphere of tranquillity and abstrac- 
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M M. Perret, Architects. 


Design for Reinforced Concrete Church in Paris. 
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tion is necessary, which can lift the wor- 
shipper out of the daily rut. So strong 
is the force of tradition that it too often 
becomes ап. end in itself, and the reason 
for which i t existed dies proportionally. 
The concrece church, with all its qualities 
together, some so-called beautiful, some 
so-called ug ly, is a very definite expression 
of the day, a language which even the 
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simplest can understand and which gives 
sudden life to ideas that have long 
been slumbering. Combined, as it is in 
M. Perret's churches, with the utmost 
simplicity of line and the extreme beauty 
of the glass, it may be that a language 
is slowly being evolved which will be as 
vivid to the modern worshipper as the tra- 
dition of St. Louis was to St. Joan herself. 
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(M M. A. & G. Perret, Architects. 
Reinforced Concrete Church at Montmagny. 
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MILD STEEL VERSUS HIGH-TENSILE STEEL. 


Mild Steel versus High-Tensile Steel. 


THE publication in the May issue of this 
journal of correspondence on the question 
of the relative value of mild steel and 
high-tensile steel stated the case for 
mild steel. The following statement of 
the case for high-tensile steel, particularly 
in regard to road reinforcement, has been 
sent to us by Mr. J. F. Butler, A.C.G I., 
A.M. Inst.C.E., M.Struct. E :— 

In the first place, states our corre- 
spondent, it might be pointed out that 
there is an unfortunate looseness in the 
title ‘‘ Mild v. High-Tensile Steel ” and 
also in the corresponding wording in the 
article. This may be due to lack of 
information in regard to the material of 
which high-tensile steel is made. The 
high-tensile steel referred to in the article, 
as mentioned in some places directly 
and in others by inference, is drawn wire, 
and drawn wire is itself mild steel. Pre- 
sumably the article is intended to deal 
with the value of rolled steel as compared 
with drawn wire, but to state it as “ mild 
steel as compared with high-tensile steel ” 
is to giveat the outset a misleading impres- 
sion that drawn wire is not mild steel 
but is a material other than mild steel 
and may have for that reason certain 
disadvantages, whereas the fact is that 
drawn steel, as used for road reinforce- 
ment, is actually mild steel, and in order 
to enable it to be successfully drawn it 
must be mild steel of very good quality. 

By the very nature of its manufacture 
drawn wire is a material perfectly accur- 
ate in section; No. 5 gauge wire, for 
instance, is 0:212 in. diameter, but mav 
vary between о:211 and 0-213 in., an 
extreme variation of 1 per cent. Rolled 
rods, on the other hand, тау vary as 
much as 20 per cent. Іп the small sizes 
used for road work the ordinary rolling 
margin of 21 per cent. used for diameters 
of gin. and upwards does not apply, 
and a variation of то per cent. in diameter, 
which is rather more than 20 per cent. 
in cross section, is quite common. Thus 
a tensile reinforcement of rolled stecl 
which is nominally a certain size may be 
20 per cent. less, and the strength corre- 
spondingly 20 per cent. less. 

The correspondence in question refers 
to a preference shown by the Ministry 
of Transport in favour of high-tensile 
steel, but the specification quoted in the 
article does not appear to show any 
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preference. On the contrary, it shows a 
preference for rolled steel the value of 
which is allowed to be gauged by опе- 
half the strength at the minimum vield 
point, whereas the value of high-tensile 
steel is allowed to be gauged by only one- 
third the strength at the yield point. 
For equal strength the ratio to the vield 
point should surely be the same in each 
case, and if half is allowed to rolled rods, 
half (instead of one-third) should be 
allowed to drawn wire. 

The correspondence raises the question 
of cracks. Almost its whole argument 
against high-tensile reinforcement is on 
this question of cracks, but without 
reference to or information on the one 
important point, which is the whole 
point, namely as to when the cracking 
in the concrete commences to have a 
practical significance ; or, in other words, 
What is a serious crack and when does it 
take place ? The answer to this is that a 
serious crack is a crack which is sutt- 
ciently large to allow access of moisture 
and air sufhcient to cause rusting of the 
reinforcement, and the stress in the steel 
at which this takes place is considerably 
higher than the working stresses referred 
to by the Ministry in their specification. 

As regards the statement that a high- 
tensile steel only begins to be of greater 
service than rolled steel at stresses at 
which the concrete surrounding the stcel 
is cracked, it is a fact that in all rein- 
forced concrete structures the tensile steel 
hardly operates at all until after the 
concrete is cracked. Concrete has a 
tensile strength of about 200 Ibs. per 
sq. in. and this stress is reached 
in the concrete when the stress in the 
adjoining steel is 3,000 lbs. per sq. іп. 
It cannot be seriously suggested that 
3,000 lbs. per sq. in. is the maximum 
stress to which the steel can be usefullv 
employed, for this in other words would 
mean that the steel in reinforced concrete 
construction is practically useless. Sucha 
theory would condemn every reinforced 
concrete structure that has ever been 
designed and it would put a stop to all 
serious reinforced concrete construction. 

Fortunately there is a flaw in the 
argument, and the flaw is this: That 
although the concrete surrounding the 
steel is cracked almost before anv stress 
comes on the steel at all, and such crack- 
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Tests on Reinforced Slabs. 
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Slab Reinforced with Drawn Wire Fabric loaded with 112 blocks ; Slab 
broke with load of 116 blocks. 


Similar Slab Reinforced with equal weight of Rolled Steel Rods: Slab 
broke under 71 blocks. 
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ing is distributed quite freely along the 
length of concrete surrounding any steel 
bar in tension, the cracking is so minute 
that it has no practical significance and 
is of no importance. As the stress in the 
steel increases the cracks open out, but 
even at high stresses in the steel they are 
of such small dimension that it is difficult 
to see them, and they are not of any 
practical significance. When the stress 
in the rolled steel approaches the yield 
point the cracking becomes serious. At 
the yield point the steel stretches con- 
siderably and the slab is permanently 
ruined, but at a corresponding stress in 
drawn wire the steel is only half-way to 
the yield point, the cracks remain insig- 
nificant and almost invisible, and the 
slab continues to carry its load without 
being in any way permanently damaged. 
If the load is removed, as is happening 
all the time under road traffic, the steel 
goes back to its original length and the 
cracks close up perfectly tight. As 
regards the magnitude of such cracks, if 
we assume that the steel is stressed to, 
Say, 40,000 lbs. per sq. in., that this 
occurs over a length of 12 in., and the 
whole extension is concentrated in one 
crack, the width of that crack will be less 
than one-sixtieth of an inch ; but actually 
the extension is not concentrated in this 
way, but is distributed through a num- 
ber of cracks, some visible and others 
invisible. 

The correspondence states that several 
roads reinforced with rolled steel are 
standing up against heavy traffic, but 
this does not prove that rolled steel is 
better than drawn steel. It does not 
prove anything. If the case were to 
depend on the area of satisfactory roads 
reinforced with drawn steel as compared 
with the area reinforced with rolled steel 
the figures would be hundreds to one in 
favour of drawn steel, this being the 
original reinforcement used for road rein- 
forcement and the reinforcement which 
has been used for the bulk of the work. 

On the question of bond or adhesion 
between the steel and the concrete, it is 
argued that because the higher strength 
allows a smaller section of drawn wire 
to be used than rolled rods, so that there 
is less surface area for adhesion with the 
concrete, there is a greater liability for 
the drawn steel to slip. In actual 
practice this does not hold good. It is 
the custom to use the drawn wire in the 
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form of a machine-made mesh and small 
diameters of wire can be used, these being 
spaced generally 3 in. apart. When 
rolled steel is used it is generally in the 
form of rods that are laid or made up 
into some form of mesh at the site, and 
the wires are of much larger section than 
the drawn wire and are spaced farther 
apart; this wider spacing reduces the 
ratio of circumference to cross-section 
and reduces the amount of surface avail- 
able for adhesion, with the result that 
so far from the drawn wire having a 
smaller surface area for adhesion it 
actually has about 15 per cent. larger 
area, in spite of the fact that a smaller 
cross-section 15 used. Ап additional 
feature in regard to adhesion is that the 
drawn wire is frequently used in the form 
of a fabric with transverse wires welded 
to the longitudinal wires at intervals 
of 12 in., providing an additional anchor- 
age into the concrete. 

This question of adhesion is not in any 
case of much importance in road work 
because the changes in stress in the steel 
take place over a sufficient length of steel 
to allow very ample area for adhesion. 
The conditions are not at all like the 
conditions in the beams in a building, 
where the steel bars are of verv much 
larger diameters and where the ratio of 
circumference to cross-section is Very 
much less than in the small sizes of wire 
that are used in road work. The length 
of 1-in. bar, for instance, required so that 
the adhesion will equal the tensile strength 
(at 16,000 lbs. per sq. in.) is 40 in., where- 
as the length of 5-gauge wire required so 
that the adhesion will equal the tensile 
strength (at 24,000 lb. per sq. in.) 15 less 
than 13 in. 

Whatever suggestions may be made in 
regard to the comparative stresses that 
should or should not be allowed, the fact 
remains that if any tests are made of 
concrete slabs reinforced with rolled rods 
and concrete slabs reinforced with drawn 
wire, the slabs reinforced with drawn 
wire will carry certainly 50 per cent. more 
load than the slabs reinforced with rolled 
rods. In view of this fact (and it 15 a 
fact that can be tested by anvbody at 
any time, and the result will alwavs be 
the same) there is something wrong with 
a theory advanced to show that the rolled 
steel is as good as the drawn steel. 11 
the facts that are proved by the tests 
do not agree with the theory, it is not 
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the tests and the practice that require 
alteration but it is the theory that 
requires to be brought into line and to 
correct itself. The illustrations here- 
with show ordinary examples of exactly 
similar slabs constructed at exactly the 
same time, reinforced with equal weights 
of drawn wire fabric and rolled steel rods. 
The drawn wire fabric carries a load more 
than 5o per cent. greater than that at 
which the rolled steel slab failed. The 
reinforcement in these slabs is rather 
more than the percentage usually 
employed in road work ; with a smaller 
percentage of reinforcement the differ- 
ence would, if anything, be still greater 
in favour of drawn wire. 

The whole question was investigated 
bv the Concrete Institute, and tests were 
made in 1920, the report of the tests 
being as follows :— 

“ The test records given show that if 
we are content with the same factor of 
safety for high tensile steels, then it would 
be right to design (as compared with the 
working stress of 16,000 lbs. for mild 
steel) for working stresses of 22,000 lbs. 
per square inch for medium carbon steel 
and 21,500 lbs. per square inch for 
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‘twisted ' steel bars, and 25,000 lbs. per 
square inch for drawn steel wire of the 
qualities employed in these particular 
tests. 

“ As regards the question of the deflec- 
tions being greater, consequently the 
cracks larger, the tests show that the 
deflections were certainly greater, because, 
of course, the loads sustained were 
bigger; but the tests bring out quite 
clearly, as is shown by the photographs, 
that in all cases the increased stress 
developed in the steel did not result in 
larger cracks, but only in a greater number 
of cracks; therefore the argument that 
by using a higher stress the steel would 
be exposed more to corrosion, falls to the 
ground." 

The Ministry of Transport regulation 
is nearly in agreement with the results of 
the Concrete Institute tests, but does not 
allow as much to drawn wire as those 
tests would justify. Actually, from a 
detailed study of the figures of the Con- 
crete Institute tests, it appears that a 
working stress of 28,000 lbs. in drawn wire 
is as safe as 16,000 lbs. in rolled rods. 

[4*,We cannot publish further corre- 
spondence on this subject.—Eb.] 
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Test of Reinforced Concrete Structure under Locomotive. 


IN connection with the construction of a coal-handling plant at Orléans the 
Compagnie du Chemin de fer de Paris a Orléans required a test of the beams 
crossing the coal-bunker. With this aim, an engine weighing 87 tons was 
run over the beams. 

“Те Constructeur de Ciment Armé " recently gave a summary of these tests 
which showed that the maximum deflection of a rail-bearer was I mm. on a span 
of about 3 metres, 1.6, a ratio of deflection to span of 1 to 3,000. Хо permanent 
deflection was registered. 

The axle loads were five in number, each of about 171 tons, and spaced at 
5 ft. centres.—W. 5. G. 
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Concrete Pipes for Sheerness Main Sewerage. Мг. Е. У.І. Stanton, 
A.M.Inst.C.E., Consulting Engineer. 
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Concrete Pipes, Blocks, Kerb, Manholes and other Pre-cast Units m ade by 
Trollope & Colls, Ltd., at their Factory at Isleworth. 


(See p. 559.) 
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Concrete Pipes. 


А NEW department for the manufacture 
of concrete pipes and other pre-cast con- 
crete units has been opened by Messrs. 


Trollope & Colls, Ltd., and is now in full 


working order. A central factory 


been established at Isleworth, and already 
it has been found necessary to carry out 
extensions to COP with the increasing 
In addition to the factory at 
from which the demand in 
London and the Home Counties 15 I 


demand. 
Isleworth 


the firm sets up its own plant in any 


trict where the distance from Isleworth 
than 


makes this more economical 
despatching goods by road or rail. 


It is, however, in pipes that the firm 
15 specialising, and contracts already in 
hand or completed include concrete pipes 
for main drainage at Sheerness, Whitley 
Weetslade, 


Burn Valley, 


Bay, Seaton 
These are made 


and Folkestone. 
spigot-and-socket and ogee 


lengths of 3 (t. or 6 ft. 1 1n. by from 151M. 


to 72 in. internal diameter. 


The pipes are made with special plant 
and processes which includes the consolida- 
vibration. 
The moulds are of cast iron, machined 


tion within the moulds by 
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Concrete Pipes made at Whitley Bay 
Mr. A. J. Rousell, A.M .Inst 


joints, the 
former in 8 (t. lengths by from 18 in. to 
60 in. internal diameter and the latter in 


on the working faces so that the pipes 
have particularly smooth surfaces and 
very accurate joints ; We understand that 
on a recent contract the total '' creep = 
was only 7À in. in a length of 8o yds. 
The mix 15 I part rapid-hardening Port- 
land cement, 11 parts sand, to 23 parts 
crushed granite. The proportion of sand 
is liable to slight variation according to 
the grading of the coarse aggregate. 

so desired, ballast can be substituted for 
granite for the sake of economy. 

We illustrate herewith some of these 
recent pipe contracts, and also some 
manholes and other pre-cast concrete 
products of the firm. The Folkestone 
contract 15 4 typical example of a job 
where the pipes ате made on the site, and 
;s in connection with the construction of 
the first section of the high-level inter- 
cepting sewer, which 15 designed to inter- 
cept the drainage from some of the higher 
districts on the outskirts of Folkestone. 

The sewer, which will deal with а 
maximum flow of 30,000 gallons рет 
minute, consists of reinforced concrete 
pipes. 4 ft. 6 in. in diameter by 3 ft. long, 


< 


ру 3 in. thick, doubly reinforced, which 
when laid are surrounded by a further 
6 1n. of 


The reinforcement 


concrete. 


for the Whitley & Monkseaton U.D.C. 
C.E., Surveyor to the U.D.C. 
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consists of unwound cable dealt with on 
the firm's patent machines. To assemble 
the reinforcement, a number of cable 
drums are mounted on stands, and from 
these the cable is wound around a cylin- 
drical drum of the required diameter, 
spacing wires are introduced, and the 
whole cage is wired up and taken ой 
the drum. 

The moulds are assembled and the 
reinforcement cage placed inside. The 
moulds are mounted on 2 ft. gauge bogies 
and wheeled on the vibrating table, the 
bogie being anchored to the platform by 
tie rods. The concrete is mixed in a 
{-уа. mechanical mixer, and tipped into 
an elevating hopper; the hopper is then 
hoisted to a platform above the vibrating 
table, and it automatically discharges 
the concrete through a chute into the top 
of the mould, while the table is vibrating. 
The mixing and shaking plant is one 
mechanical unit driven by a 12 h.-p. 
motor. 

When the pouring of the pipe is com- 
pleted, it is wheeled into a maturing 
chamber, which is kept at an even tem- 
perature. The pipes are matured for 
twelve hours and the moulds are then 
struck, the pipes being sufficiently hard 
for preliminary handling. These pipes 
have to withstand a concentrated load 
of 4,000 lbs. per 3 ft. pipe and also an 
internal pressure of 25 lbs. per sq. in. 
Loading tests have been carried out and 
the pipes have satisfactorily withstood 
much greater loads. 

The moulds consist of two cast-iron 
end formers and sheet steel inner and 
outer shells. The rapid-hardening ce- 
ment and the rapid maturing process 
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diameter) for 

Folkestone Corporation,and a Concrete Manhole. 

Mr. А. E. Nichols, M.Inst.C.E., Borough Engi- 
neer and Surveyor. 


Concrete Pipe Bends (54 in. 


enable each mould to be used once daily, 
and an output of fourteen pipes per day. 
equivalent to 42 ft. run of sewer, is main- 
tained, with the use of fourteen moulds. 

The scheme was designed and is being 
carried out under the supervision of the 
Borough Engineer, Mr. A. E. Nichols, 
M.Inst.C.E. 


DESIGNS FOR WATER TOWERS. 


Designs for Water Towers. 


We illustrate оп PP: 561-3 the designs prised Mr. H. J. Deane (President of the 
n nd third in the Institution), Mr. A. Trystan Edwards, 


placed first, a 
Brenforce Travelling Scholarship, 1927, Professor J. Husband, Mr. 
i . H. D 


awarded by the Institution OÍ Structural Moncrie 


Engineers. The Scholarship 15 of the Wood. 

the The subject chosen was 4 water-tower 
Reinforced Concrete Engineering Co. in reinforc j 
Ltd., and 18 awarded every three years. 
The successful candidate 1 i 
travel for forty-two days on the C 
tinent of Europe, outside the United The tank was to hold 250,000 gallons of 
Kingdom, in order to study the develop- 

height of 100 ft. above ground. Easy 


ment of esthetic design in concrete an 
ided to the roof of 
es of inspection, 


reinforced concrete buildings, and upon access was to be provide 
i it a type- the water tank for purpos 


einem the results of his while arrangements Were also to be made 
The jury of assessors COM- for inlet and overflow. 


researches. 


Winning Design. 


By Mr. J- BLACKET (NEWPORT). 


56I 


Digitized by Google 


DESIGNS FOR WATER TOWERS 


нэ. 


m — — = - — 
ыы —— - 


* 


Р 4 = >: —. Y š и. - 
H - в > . 


7 T = = ~e ж 
Те жете 2. 


ан. bue 


Reinforced Concrete Water Tower. 


(See p. 561.) 


SUTHERS. 


By Mr. S. H. 


DESIGN PLACED SECOND: 
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DESIGNS FOR WATER TOWERS 


—— — — 


THE BRENFORCE TRAVELLING SCHOLARSHIP (| 
WATER TOWER AND ТАМК 


TO A SCALE. OF ONE INCH REPRESENTS FIGHT FEE I 


Reinforced Concrete Water Tower. 
DESIGN PLACED THIRD: By Mr. E. WILLIAMS. (See p. 561.) 
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Joints in Concrete Roads. 
(Continued.) 


By R. A. B. SMITH, A.M.Inst.C.E., A.C.G.I: 


оммү JOINTS 


ALTHOUGH little use has been made of the “dummy” joint, its 
potentialities have often been discussed by engineers. The idea is that 
a continuously-constructed road will remain for a considerable period 
without cracks, but that eventually these will occur ; if, however, it is 
possible to induce these cracks to follow certain definite straight lines, 
then maintenance is as easy as where definite straight expansion joints 
have been employed. It is also thought that a combination of “ dummy " 


4 


БИРЕ" ш 


Fig. 1.—Placing Pre-cast Joint Filler with Wood Float. 


joints and expansion joints would in certain cases be of advantage by 
allowing increased speed for the construction gang. Assuming that 
60 ft. has been accepted as the limit for a panel, then by employing. 
say, two “ dummy ” joints in a 90 ft. panel the safety factor is still 
kept. 

The City Engineer of Seattle has used “ dummy ” joints extensively, 
owing to the fact that the price of steel was high, and the roads 
are constructed in small bays without reinforcement. Іп the first 
instance he constructed panels 20 ft. and 30 ft. long, but as cracks 
developed in the 30-ft. panels only he now places “ dummy " joints 
20 ft. apart. 

When constructing a road 30 ft. wide, the whole width was concreted 
in one operation, whilst the centre joint was made 2 in. deep by driving 
a tee-iron 6 ft. long into the concrete with a sledge-hammer. When the 
concrete was 80 ft. wide a pre-cast filler was pressed into the groove with 
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JOINTS IN CONCRETE ROADS. 


Fig. 2.—Steel T _Ваг weighted with Timber used for forming 2-in. 


groove for Joint Filler in Finished Concrete. 


а wood float and the two arrises rounded with an edging tool (Fig. 1) 
For dummy transverse joints the tee-iron may be fixed to a piece of timber 
and pressed down by a man at each end (Fig. 2): in this case the tee- 
iron should be shaped to the camber of the road. 

It is of importance to realise that when the filler 18 poured flush with 
the surface, or when the pre-cast filler is being pressed down to its finished 
level between rounded arrises, it is essential that all dust or other foreign 
matter should be blown out of the joint 50 that the filler gets а direct 
knit with the concrete ; it will be found that when this little attention 
is paid the filler is far less liable to be picked up by traffic. 


Diagonal and Staggered Joints. 
One cannot discuss the subject of joints without attempting to thrash 
Judging from results obtained, the joints of a road may be at an 


angle of from то deg. to 30 deg. from the right angle when the road 1s 
constructed full width at a time ; that is, in ordinary continuous con- 


Fig. 3. 
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struction or alternate-bay construction. The reason this method meets 
with a certain amount of success in these two cases is that the weak 
angles are at the edge of the road where traffic is generally slow, but to 
introduce this weak angle into any other part of the surface of the road 
would be to risk trouble. It is believed by the writer that the only reason 
why there is only one corner break on the concrete section of the north 
side of the Thames Embankment is that the longitudinal joint is a tongue- 
and-groove one whereby the load on the weak angle is partially 
transmitted to the adjacent strong one, i.e., the load at A is partially 
carried by B and the slab is strengthened in its weakest place by the 
interlocking (Fig. 3). 

When the diagonal joint is adopted in alternate bay construction it 
is essential that the tamping should be parallel to the sides of the road 
and not at right angles to the diagonal joints. When the latter method 
is adopted (and at first sight it does not appear wrong) a depression is 
formed in the middle of the panel thus causing the formation of a wavy 
road; if tamping at right angles to the diagonal joints is desired, 
the tamper must be correctly cambered even though the camber required 
be only 4 in. or less. 

Both in England and in Ireland the writer has seen transverse joints 
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Fig. 4.—Showing Crack in Panel opposite Diagonal 
Staggered Joint. 
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JOINTS IN CONCRETE ROADS. 


Fig. 5.—Corner Breaks, showing Weakness of Joints 
at Acute Angles. 


carried only half way across the road. This leads to an extension of the 
joint by a crack across to the edge of the road, and beyond fixing the 
points at which the cracks shall occur one can see nothing to say in favour 
of such a method. When the road is laid in two or three strips then the 
diagonal joint may be used in conjunction with the tongue-and-groove 
longitudinal joint, and even then the joint must run straight across the 
road. If the joint is staggered across the road cracks will develop as 
shown, and gradually split the opposite panel (Fig. 4), although it is 
possible this may not apply to roads in very short panels. 
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Fig. 6.—A Type of Interlocking Joint. 
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CROSS SECTION А.В. Cross SECTION C.D 


TIMBER IN CONTACT WITH WET CONCRETE 70 ФЕ 
MADE NON ABSORBENT. 


4 xl SPIKED то 8x2" 
—————MÀ —áÁÀ 
42м LENGTHS OF 8x2 

/2 SPACED АТ 2-O'CRS. “ 


SIMPLE. FORM OF STUNT 
END BOARD. 


a с 
ndun Ааа сараны ` тс UA UA V == не = 
`a ا‎ ам ” No DETUR 22 
O| «| 


PLAN LOOKING DOWN ON JOINT BETWEEN 
ADJACENT BAYS. THE DOTTED LINES 
SHOW THE INTERLOCKING OF THE. CONCRETE. 


IN THE BOTTOM HALVES OF THE SLABS. | 


Fig. 7.-А Type of Interlocking Joint. 


To simplify the progress of the work it is advisable to allow the gang 
latitude in the length of the panel, specifying a length of, say, “ from 50 
to 60 ft." This means that the panels on the return journey must be of 
the same lengths when a butt or tongue-and-groove joint is used, but they 
need not coincide if bitumen the full depth of the longitudinal joint 
separates the panels. 

Fig. 5 shows the weakness of joints at acute angles, resulting in 
corner breaks. 

An interesting joint of a proprietary nature is that designed by Mr. 
J. H. Walker, M.Inst.C.E. This is extremely simple, does not add 
anything appreciable to the cost of construction above the cost of a butt 
joint and meets the need of those who rcquire strength at the joint without 
using steel rods through it. It is obviously intended for use in panels 
of short length. The photograph and diagram (Figs. 6 and 7), show 
the general principle, which is that of interlocking teeth of concrete, the 
teeth being half the depth of the concrete slab and alternately in the top 
and bottom portion. Wherever the author has seen this joint employed 


it has proved most satisfactory. 
(To be Continued.) 
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Formwork. 


readers who have not of formwork on the man-hour basis, 


To those of our 
vet secured their copy of Mr. Wynn's new giving very full details with respect to the 


book on formwork* we would recommend materials used. This method enables 


the perusal of a review of the volume that costs to be assessed with a considerable 
appeared in “ Enginee 


ring ” for june 10. degree of accuracy for any T 
In view of the value of this volume from 


the points of view of economising in at the site of the work. 
labour, preventing wastage of materials, « For those У 
and adopting the simplest method of experience have gained co 
shuttering for any particular work in ledge of these matters, the hints given 
hand, we have no hesitation in printing on the econ 1 
the following abstract of the review in timber and the methods which may be 
question : 

“This book will be welcomed by all materials employed, together with the 
engaged on the construction of works in detailed data with respect to quantities 
reinforced concrete or on designs of rein- and labour, cannot fail to be of inestim- 


forced concrete structures which, if they able service. 
are to be economically carried out, involve * A section of the book 1$ devoted to 
а considerable working knowledge of the the design of the formwork required for 
character of the formwork used in their the several members of a structure ; the 
essential theoretical treatment 1S dealt 
dent that the author's experi- with in a brief and simple manner, much 
ence of formwork in all its intricacies 1$ useful information being given regarding 
very complete, and he has spared no pains various materials and appliances and 
to place this knowledge at the disposal of their most economical use. A useful and 
his readers in а thorough and compre- comprehensive series of tables is included, 


hensive manner. In dealing with such а setting out the sizes and positions of the 
subject as this, if the essential require- several parts, as derived from the formulae 


ments are to be clearly presented, a previously given. 

treatise must be illustrated by mean? of “ Following the tables is а complete set 
both photographs and drawings. This of examples, showing how they can be 
d by the author, whose applied in the design of various kinds of 


efforts in this direction leave nothing to formwork, each example being accom- 


panied by a useful detailed sketch of the 
“ Any who may for the first time be form and its various parts. The exten- 
contemplating taking in hand reinforced sive nature of these examples wil be 


concrete construction, 25 well as those realised when it is mentioned that they 
include the moulds and supports for 


work, will find in Mr Wynn's book much slabs, beams, girders, columns and walls 

i of various dimensions, light ribbed floors 
of forms and shuttering efficiently and of several types, flat slab or mushroom 
economically. The book 1s full of useful floors, haunches to beams and stairways. 
data and practical suggestion for the “Тһе author then deals in considerable 
design, pricing erection and removal of detail with the construction of the form- 
various types of formwork, and however work for different members of a structure, 


experienced a reader may consider him- giving full details of the sizes of members 
self he will hardly fail to obtain further and methods to be employed in erection 
enlightenment on this subject. and stripping. 

dealing. with each particular 


“ Throughout the book the author has “ After 
dealt with the costing of the various ty pes type of formwork, the author gives com- 
21222 plete details requisite for estimating the 


+ « Design and Construction of Formwork for cost of the making, erection and stripping, 
Concrete Structures," 320 РР: ; 219 illustrations 5 and there 15 little doubt that if Mr. 
is шэг M At EY шэн ү А. E. Wynn, Wynn's advice and recommendations are 
С.» М.А. пе... опаоп: oncrete llow TA ivec om the 
Publications Limited, 20 Dartmouth Street, - є ed, Tue ao oe Кт їг üde 
when assessing the cost of the formwork. 


od. extra.) 
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DATA FOR PRICING REINFORCED СОХСКЕТЕ. CONCDE 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. 5. d. 


Best Washed Sand . . . . . . . . peryard 13 5 
Clean Shingle, 1 in. mesh . : š : . Ж š » 12 5 
$ in. mesh. . . . . . . . Ял 13 6 
Thames ballast š š : 4 ç š қ : 4 - 10 6 
Broken brick (1 in.) . 11 6 
Best British Portland Cement (delivered London area). : рег ton 5 AN to 55 c 
Rapid-Hardening Portland Cement . . . . delivered London ros. per ton extra 
* Super-Cement ” . . . регїоп 88s. to 93 o 
"Lightning ” Brand Aluminous Cement . . | 1 » 1005. to 105 6 
Ciment Fondu š : ; š š : : . works f.o.r. 95 0 
BOARDING FOR SHUTTERING— Sawn. Wrot. 
s. d. s. d. 
Iin. . . . . . . . 1 . persquare 23 6 27 6 
I] in. . . . . . . . . . is 29 6 33 6 
I$ in. . . . . ә 35 6 41 о 
SAWN TIMBER FOR STRUTS AND SUPPORIS— 

3 in. by 4 in. 1 . . | : . from {22 per standard 

3 in. by 6 in. and 3 in. "by 7 in. . : : " 5 we #20: 5, es 
MILD STEEL Rops FOR REINFORCEMENT— 5. 8. 
in. to 21 in. Rounds . . . . . . . percwt. то 6 
lu to 4 in. Rounds . 5 š ; è $ š; IO 9 
1 in. Rounds 5 ° 4 А А : 4 : 5 ji II O 
1 in. Rounds š . қ : . . 12 0 


Breeze Slabs рег yd. super: 2 in., I/II; 21 in., 2/4; 3 in., 2/9; 4in., 3/6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . . . . : . per foot cube I 9 
Do. do. in columns Қ А š 5 : 3 3 2 11! 
Do. do. in beams. š 1 : à š А $i $i 2 1 
Do. do. in floor slabs 4 in. thick . . . . peryardsuper 5 $ 
Do. do. in floor slabs 5 in. thick . : ç А ” E 7 о 
Do. do. in floor slabs 6 in. thick . : : s "S 8 5 
Do. do. in floor slabs 7 in. thick . : : a ^ Q lo 

Do. do. in walls 6 in. thick. қ : А r» is 8 : 
(Add for hoisting 3s. 6d. per yard cube above ground- floor level. Add for “ Ferrocrete”’ 
15. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
POSITION AND SECURING WITH STOUT BINDING WIRE— s. d. 
From $ in. to Ё in. : : . . . 1 . . percwt. 22 6 
» ws in. to š in. š 9 . , : : š : Р 21 6 
in. to 2j in. қ : š 20 6 


$ 
EXTRA LABOUR ТО BENDS ‘in tin. rods, 44.; 4-10. rods, 14. ; jin. rods, 1}4.; 
#-in. rods, 14d. ; 4-1. rods, 114., j-in. rods, 2d. ; I-in. rods, 2]d.; 14-0. rods. 
3d. ; 1]-in. rods, 34d. ; 1j-in. rods, 414., 11-Ш. rods, 64. (per bend per cwt.). 
EXTRA LABOUR TO HOOK BENDS: } in., 14.; 4 in. 24.; $ in., 244.; lin. 
d.; din. 34d.; țin., 4d. ; rin., 44d. ; 11 in., 64. ; 1} in., 74. (per bend per cwt.i. 
SHUTTERING— s. d. 
Shuttering and Supports for Concrete Walls (both sides measured) per square 59 0 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 


IO ft. high . . ° . . рег square 55 0 
Do. do. in small quantities . . . per ft. super ото 
Shuttering and Supports to Stanchions foreasy removal, average 18in. by18in. 
рег ft. super о 11} 
Do. do. as last, in narrow widths. : : POLEN 114 
Do. do. to sides and soffits of beams , average 9 in. by: I2in. , ,, I Ij 
Do. do. as last, in narrow widths. : : : МЭТ” I 3} 
Raking, cutting, and waste to shuttering . : : š perft.run o 3 
Labour, splay on ditto . š » 0 2 
Small angle fillets fixed tointernalan gles of shuttering to form chamfer,, A o 3 


WAGES.—The rates of wages on which the above prices are based are :—Carpenters 
and joiners, 1/95 per hour; ; Carpenters working on old shuttering, 1/10} ; Labourers 
on building works, 1/4}; Men on mixers and hoists, 1/54; Bar-benders, 1/5}. 


[° This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyrigbt) 
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Prospective New Concrete Work. 


ApERGELE.—Road.— The St. Asaph 
R.D.C. has recommended the Denbigh- 
shire C.C. to construct а 20-ft. carriage- 
way from Foryd Bridge to the Abergele 
boundary. The cost 15 estimated at 
117,000. 

Avg.—Houses.—1he T.C. 
build 300 houses. 

pary. — Reservoir. —The Corporation is 
considering a scheme for the provision of 
a reservoir. 

BECONTREE.—H ouses.— Lhe L.C.C. pro- 

ses to erect 2,500 houses on the estate 
at Becontree. The cost is estimated at 
£1,450,000. 

BRIGHTON. С Road.—The T.C. is 
preparing a scheme for the construction 
of an undercliff drive from Brighton to 
Rottingdean. The cost 15 estimated at 
£1,000,000. 

ee xMARLIAS.— Bridge .—1 he Llan- 
dovery R C. iS considering the con- 
struction of a bridge at Brynmarlias. 

CHERTSEY. — Houses.— the Housing 
Committee has recommended the U.D.C. 
to erect 50 houses on a site near Courtland, 
Addlestone. 

CLEVEDON.—Wall.—Ihe provision of 
a boating and bathing lake at Salthouse 
Bay will include the construction of a 
x ,000-ft. wall. 

CRAMLINGTON. 77 Houses.— The Hous- 
ing Committee has submitted a scheme 
to the U.D.C. for the construction of 100 
three-room houses. 

DARLASTON.—Houses.—A scheme 1S 
being prepared for the construction of 

go houses. 

EASINGTON. — Houses. — À plication 
has been made for permission to borrow 
£ 50,000 for housing purposes: 

ERITH. — Houses. — The U.D.C. has 
asked the surveyor to prepare a scheme 
for the construction of тоо houses. 

GLOUCESTER. — Bridge. — 
cester Corporation has approached the 
Newent R.D.C. for payment towards the 
construction of a new Ketford Bridge. 

GORLESTON.—Se4 Wall, etc.— The 
Yarmouth T.C. 1s considering 4 scheme 
for extending the parade and sea wall at 
Gorleston. 

GonwvLLT.—B ridge.—1he Llanfyllin 
R.D.C. proposes to construct а bridge at 
Gorw y lit. 

GRAYS (ESSEX) --Н ouses.— The U DC. 


proposes to 


proposes to erect 50 houses, at a cost of 
£24,500. 

А. RROGATE.—Road.— Plans for the 
construction of a relief road have been 
submitted to the County Highways Com- 
mittee. 

HUDDERSFIELD. 77 Houses. — The T.C. 
has applied for sanction to borrow 
£21,000 for the construction of 70 houses 
j Road. 


ing permission to erect 50 houses. 

LONDON.—Houses.— 

ses to build 1,132 houses on the Down- 

N EWCASTLE-ON-T YNE. — 
The T.C. has purchased a site on which to 
erect 850 houses. 

NEWRY (IRELAND). — Bridge. — The 

rmission to 
porrow £6,000 for the construction of a 
bridge over the canal at Monaghan Street 
to replace Godírey Bridge. 

PADSTOW. — Pier. — Тһе Southern 
Railway Co. proposes to spend 413.000 on 
extending the East Pier at Padstow. 

PupsEv.—Houses.-7 e T.C. proposes 
to build 200 houses. 

REDRUTH. — Houses. 7 The U.D.C. is 
negotiating for a site on which to build 
so houses. 

Ruos-oN-SEA.— Roads. — Yhe Colwyn 
Вау О.р.С. proposes to construct roads 
from Dinerth and Llandudno Roads. 
ALE. Embankment. — The 
Corporation has applied for permission to 
{72,850 for strengthening the 
Warland reservoir embankment. 

Ross.—H ouses.— Lhe U.D.C. has given 
instructions for plans to be prepared for 
the contruction of 5o houses. 

ScoTsWOOD. — Bridge. — The Durham 
C.C. is considering à scheme for the con- 
struction of a pridge to replace Scotswood 


Bridge. The cost is estimated at 
£500,000. 
SKEGBY. — Houses. — Application has 
been made for sanction to erect 30 houses. 
SOWERBY BRIDGE. — Houses. — The 


U.D.C. proposes to build 52 houses on 
the Beachwood estate. 

STOCKPORT. — Concrete Boxes. 77 A. 
scheme 15 being considered for the con- 
struction of 18 police boxes in reinforced 
concrete, at а cost of £50 each. 

STOURPORT. — Concrete Bridge. — The 
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District Council proposes to erect a rein- 
forced concrete bridge over the canal to 
replace the existing structure. 

STRETFORD. — Houses. — The U.D.C. 
is negotiating for the purchase of a 28- 
acre site for housing purposes. 

SWANSEA.—Houses.—The Corporation 
Housing Committee has applied for sanc- 
tion to erect 100 houses. 

THAME.—Houses.—The 
decided to build 22 houses. 

ToRovAv.—Sea Defence Works.—The 
T.C. has applied for sanction to borrow 
money for strengthening the boundary 
wall on the Beacon Cove. 

TUNBRIDGE WELLS.—Houses.—The 
T.C. proposes to build 50 houses 

ULVERSTON.—Houses.—The 0..С. 
proposes to spend £35,000 on the con- 
struction of 70 houses. 

Upton, I.O.W.—Reservoir.—The Isle 
of Wight R.D.C. is negotiating for a 
site on which to construct a reservoir. 

VENTNOR.—Concrete Groynes.— The 
U.D.C. has applied for sanction to borrow 
£1,000 for the construction of two con- 
crete groynes. 

WADHURST.—Reservoir.—The Crow- 
borough Water Co. has informed the 


U.D.C. has 


(CONC 


Ticehurst R.D.C. of its intention to 
construct a reservoir at Best Beech 
Hill. 

WAKEFIELD. — Houses. — The Сих 
Council is seeking permission to borrow 
£98,808 for the construction of 200 houses 
at Snapethorpe. 

WALTON, SURREY. Road. — The 
U.D.C. proposes to construct a road from 
High Street to Walton Bridge. 

WEST BROMWICH. — Houses. — The 
T.C. proposes to spend £500,000 on the 
construction of 1,200 houses. 

WOLVERHAMPTON. — Houses. — The 
T.C. proposes to erect 200 houses on the 
Low Hill estate. 

WOOLWICH (LONDON). — Houses. — 
The B.C. has applied for sanction to 
borrow £34,530 for the construction of 65 
houses on its estate at Eltham. 

WORKINGTON.—Houses.—The T.C. is 
seeking permission to borrow 250,579 
for the erection of тоо houses. 

Worksop.—Houses.—The U.D.C. is 
seeking permission to borrow 440,000 
for housing purposes. 

WREXHAM.—Howuses.— The R.D.C. pro- 
poses to spend 453.000 on the construc- 
tion of 50 houses in the rural area. 


Tenders Accepted. 


BaAGLAN.—Concrete Sewer.—The Port 
Talbot T.C. has accepted the tender of 
Mr. B. Chaplin, Cardiff, at £28,649, for 
the construction of concrete pipe sewers 
at Baglan. 

Other tenders submitted: C. Parker, 
£29,811; T. Walker, £31,924 ; D. Middle- 
ton, £33,979; South Wales Contractors, 
450,523. 

BROMLEY.—Concrete Sewer.—The West 
Kent Main Sewerage Board has accepted 
the tender of Messrs. УУ. & C. French, at 
£13,588, for the construction of 3,000 
yards of concrete tube sewer. 

BURNTISLAND. — Concrete Pavement. — 
The T.C. has accepted the tender of 
Messrs. W. Grant & Sons, Kirkcaldy, at 
#352, for the construction of 700 sq. yds. 
of concrete pavement. 

CorK.—Concrete Road.—The Corpora- 
tion has accepted the tender of Mr. P. 
Molloy, Church Street, Limerick, at 
£16,009 I4s., for reconstructing O’Connel 
Avenue in reinforced concrete. 
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Other tenders submitted : J. Kenny & 
Sons, £16,090 145.: T. Gough, 216,316 
75. 9d. ; P. Dillon, £16,530 4s. 3d.; J. 
Harrison & Co., £16,564 5s. 64.; G. 
Winkev & Co., £16,931 16s. 8d.; T. J. 
Moran & Co., £20,874 12s. 6d. ; Northern 
Concrete Road Construction Co., 225,909 
155. 

DUNDEE.—Concrete Floors.—The Т.С. 
has accepted the tender of Messrs. С 
Dick & Son, Monifieth, at £6,244, for the 
construction of reinforced concrete floors 
and roads in connection with the new 
slaughterhouses. 

HurL.—Concrete Sewer.—The T.C. has 
accepted the tender of Mr. G. Curtis. 
Melrose Street, Hull, for the construction 
of a concrete sewer in Pickering Road. 

KINGSTON (ISLE OF WIGHT).—Concrele 
Raft.—The Isle of Wight Electric Light & 
Power Company has accepted the tender 
of Messrs. К. Bevis, Ltd., at 71,595. tor 
the construction of a reinforced concrete 
raft. 


Other tenders submitted : Wort & 
Way, £2,459 135. 4d. ; J. Е. Blair & Co., 
2,267 ; Jenkins & Sons, 12,025, е 
Ва] & 5005, 11,974: Н. Moger, 11,897 
ros. 94. 
нра ООВ Bridge.— 
The Llandovery R.D.C. has accepted the 
tender of the Bituminous Macadam Co., 
Llanelly, at 1370, for {ће construction 
a reinforced 
River Swadde. 
Lonpon.—The Bethnal Green B.C. has 
accepted the tender of Messrs. Industrial 
1,805, for rein- 
the Electricity 
St. Andrew's Street. 
Marcu.—Conerete Roads.—The Isle of 
аҚ d the tenders of Mr. 
w. H. Rogers, Willenhall, at 46,111, for 
constructing Ely-Prickwillow and Stret- 
ham Roads in reinforced concrete. 
MAncHEsTER.—COoncrete Houses.— Lhe 
Corporation has accepted the tender of 
the Corolite Construction Co. Ltd. 
at £113,490, for the construction of 
250 concrete houses ОП the Ladyburn 
estate. 
ate CHESTER. Building — Ihe Regent 
Bridge Warehousing СО. has accepted the 
Matthews & Mumby, 
. for the construction of a two-story 


OswxsTRY.— Concrete Reservoir.— the 
T.C. has accepted the tender of Messrs. 
Whitley Bros., Salisbury Road, Wrex- 
‚ for the construction of a 
concrete service reservoir with a rein- 
forced concrete roof, filter house, mains, 
drain, and other works. 

Other tenders submitted : В. E. Јеа- 
vons & Co., £4 889; Wyatt Bros., 
£4,989 ; J. Dickinson ж Co., Ltd., 5,159 ы 
C. Kearton & Partners, 15,188, Hob- 
rough & Co., Ltd., £5,349 : 
Thornley & Sons, 45,500 , J. Byrom, 
Ltd., £5,619; i» omson & Sons, 
West's Rotinoff Piling & Con- 

r Muirhead, 


construction of a concrete shed 
WHITCHURCH . 

Water Tower.—Yhe R.D.C. has accepted 

the tender of Johnson's Reinforced Con- 

crete Engineering Co., Ltd 


TENDERS ACCEPTED. 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Со» Ltd. 
|6 BROAD ST. PLACE, LONDON, Е.С.2 


for the construction of a 180,000-gallon 
reinforced concrete water tank and 
motor house. 

Other tenders submitted : Civil Engi- 
neering Constructions, {2,557 , Mussell- 
white & Son, 13,108, Industrial Con- 
structions, Ltd., 43,140, T. Howard & 
Cu Se eae ec eavons & Co., 116. 

EE; X Mitchell & Son, Ltd., 13,781: 
W. Jones & Sons, Ltd., 23,974, olloway 
Bros., Ltd., £3,974 ° G. Pollard & C0. 
Ltd., £4,247 , Durnford Construction Co; 

А : Middleton, £5,259: 
Gray's Ferro-Concrete Co., Ltd., £3,782. 
— Concrete 
Bridges. — Tbe R.D.C. 
Mr. G. N. 
Road, West Norwood, 
construction of two concrete 
across the water splashes in 
Street, Overton. 

Other tenders submitted : J. Howard 

E 7 Mitchell & Sons, Ltd. 
[665 ; E. E. Jeavons & Co., Ltd., £698 ; 
1,4. Mackley & Co., Ltd., £719 ; John- 
son's Reinforced Concrete Engineering 
Со. LAG. 4717 H. Middleton, £382. 


bridges 
Church 


PARTNERSHIP . 


REM YRCED Concrete Specialist (M.B.E., 
A.M.I.C.E.),, 20 years’ experience—home and 
abroad—design, formwork, plant, organisation and 
competitive pricing, desires partnership with reliable 
firm of Contractors C pital available. Box 1275, 
CONCRETE AND CoNSTRU( TIONAL ENGINEERING, 20 


Dartmouth Street, Westminster, S.W.I. 
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The New Nile Dam. 


THE new barrage on the Nile at Nag 
Hammadi forms the next step in the 
irrigation of the Nile, which commenced 
in 1899 with the construction of the fam- 
ous Assouan Dam, followed by the Esna 
Barrage in 1908 and the Sennar Dam 
opened in January of last year. The site 
for the proposed barrage which will be 
over half a mile in length is situated some 
500 miles up the river between the exist- 
ing barrages of Assiut and Esna. 

The object of the barrage is to raise the 
level of the river up-stream sufficiently to 
command the irrigation canal which will 
take off just above the barrage, and there- 
by irrigate an area of approximately 
500,000 acres at all seasons of the year, 
formerly only possible at a time of high 
flood. The contract for the barrage has 
been placed with Messrs. Sir John Jack- 
son, Ltd., while Messrs. Ransomes & 


Rapier, Ltd., are to supply the sluice 
gates and operating machines. This con- 
tract consists of roller type gates for the 
тоо openings on the main barrage and for 
the 6 openings at the head of the irriga- 
tion canal. Each opening is provided 
with two gates of 6-metres span running 
in parallel grooves which will permit of 
their being lifted out separately if desired. 
These gates have a depth of 6-1, 7-1, and 
8:1 metres respectively, according to their 
position in the barrage. Two power- 
driven machines travelling on rails on top 
of the barrage will be provided for oper- 
ating the gates to regulate the flow of 
water through the openings, and also for 
removing the gates when necessary. A 
small machine will work on the, canal 
head for the regulation of the gates 
controling the flow of water into the 
canal. 


Recent Patent Applications. 


250,246.—Soc. Anon. Des Chaux et 
Ciments de Laíarge et Du Teil: 
Manufacture of cement. 

263,865.—]. Girlot: Building blocks. 

268,736.—E. С. Eckel: Cement, and pro- 
cess of making same. 

273,374. — C. Bailey: Machines for 
moulding concrete blocks. 

273,445.—R. Hickton and W. Bagguley : 


Machines for making concrete blocks, 

273,477.— British Dyestuffs Corporation. 
Ltd., J. Baddiley, A. Shepherdson 
and A. Davidson:  Colouring of 
cement and concrete. 

273,787.—K. D. Mackenzie: 
slabs. 

274,291.—C. W. Glover and H. F. Smith: 
Construction of floors or ceilings. 


Building 


New Company Registered. 


BrREESLABS, Ltd. (223261) Registered July 18. 
Manufacturers of breeze slabs and concrete blocks. 
Directors: C. B. Peake, Rigton, Burnt Ash-lane, Bromley, Kent; J. Н.Н. 


way, W.C.2. 
Í1,510. 


31, Great Queen-street, Kings- 
Nominal capital: 


Taylor, Station Hotel, Harborough, Lincoln. 


Trade Notices. 


B.R.C. Leeds Representative.—Major Н. A. Butterfield, A.M Inst.C E, 
P.A.S.l, has been appointed Roads Representative for The British Reinforced 


Concrete Engineering Co., Ltd., for the Leeds Area. 


15 5, East Parade. 


The address oí the Leeds ottice 


A New Mixer.—Messrs. Winget (1924), Ltd., of Winget House, Grosvenor 


Gardens, London, S.W.r, have issued a brochure giving full particulars and illustra- 
tions of their new open-drum with the special Burn-Lancaster drum. 


“ Ransome " Mixers and Plant. 
MESSRS. RANSOMES & RAPIER, Ltp., Ipswich, who have been the sole manufac- 
turers of “ Ransome ” concrete mixers since 1907, have recently acquired the selling 
rights, patents, and goodwill of Ransome Machinery Co. (1920), Ltd., and will accord- 
ingly market the mixers themselves in future. 
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EDITORIAL NOTES. 


Fire Resistance of Concrete. 


AS a result of experience in actual conflagrations, concrete has gained a high 
reputation as a fire-resisting constructional material, although as is shown by 
the report on “ Fire Resistant Construction ” (published by the Building Research 
Board and reviewed on another page of this issue) both cement and certain aggre- 
gates possess elements of weakness which tend to make concrete susceptible to 
damage by fire. Set cement contains hydrate of lime which, when submitted 
to a temperature of 850 deg. F., is changed into quicklime with a measure of 
contraction, while the subsequent wetting or weathering slakes the quicklime 
with a measure of expansion, leading to partial or complete destruction of the 
concrete. Aggregates containing quartz are the subject of physical changes 
upon heating which cause their disintegration, while other aggregates, such as 
limestone, undergo chemical changes at high temperatures, also leading to destruc- 
tion of concrete. It has been the aim of the Building Research Board to show 
that there are means for improving the fire-resisting qualities of concrete, and 
it may be that the results of the investigations now published will lead to an 
important development in the building industry. 

It is claimed that by the addition of pozzolana to cement the proportion 
of free hydrate of lime in the set cement is much reduced and the resistance to 
fire correspondingly increased. The figures in the pamphlet certainly show that 
remarkable strength remains in specimens of concrete containing pozzolana after 
submission to severe laboratory tests at high temperatures. The commercial 
development of this investigation almost certainly lies with the cement manu- 
facturers, because the location of a suitable pozzolana, its grinding to the fine 
powder that is necessary, and its intimate mixing with cement, are outside the 
province of the concreter. The pozzolana which would probably be most favoured 
is Clay burnt at a definite temperature, and this in itself constitutes a separate 
manufacture. 

It is unfortunate that the addition of pozzolana to concrete reduces the 
strength of the latter, because all the efforts of cement manufacturers and of 
scientific concreters have been towards the production of stronger cement and 
stronger concrete. It may be that the rapid-hardening cements of high strength 
will alone be the means of making the Building Research Board’s proposals 
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practicable. It will be for the cement manufacturers to decide whether it is 
possible to market on a commercial scale a cement-pozzolana mixture which 
will possess the quality of improved fire resistance without losing any of the 
strength which is the pride of the up-to-date cement salesman. 

The addition of pozzolana to concrete, although a new proposal in con- 
nection with fire resistance, is well-established on the Continent as a means of 
protection against the action of sea water, but for this purpose is almost unknown 
in Great Britain. There are probably two reasons for this: first, that natural 
pozzolana does not exist in this country ; and second, the absence of convincing 
evidence that well-made concrete needs protection against the chemical action 
of sea water. It is equally possible that the engineer and building owner mav 
decide that the recommendations of the Research Board are also akin to painting 
the lily, and that the measure of fire resistance shown by modern concrete con- 
struction in recent experience is all that can reasonably be required. 

One of the objections to the addition of any extraneous material to cement 
has been the opportunities that present themselves of abuse by adulteration, 
and although this objection would not apply to the products of reputable British 
manufacturers it is satisfactory to learn that there are now methods of estimating 
the pozzolanic qualities of materials and of determining the proportion of free 
lime in set cement which pozzolana may be expected to reduce. 


This technical report on a scientific investigation undertaken with the object 
of ascertaining if it is possible still further to improve the fire-resisting properties 
of the most fire-resistant of all building materials has been seized upon by the 
non-technical press. Garbled and uninformed paragraphs have been the 
order of the day. How the Irish News 
interprets the findings of the Building CONCRETE NOT FIREPROOF. 


Research Board is shown in the headlines --- 

reproduced, which covered a quarter of a The Need for Finding Some Other 
column suggesting by inference that it Building Material. 
should be a criminal offence to use concrete With buildings increased in height there 
in buildings. We welcome the increasing кшт eames [o 


interest the daily press takes in building 

matters, but we do suggest that a newspaper should treat a scientific report 
as a serious subject, and not skim through it in search of sensation. We 
have become accustomed to a section of the daily press giving the impression 
that the last meeting of the British Association did nothing but talk about the 
evolution of man, and to see reports of educational conferences confined to sen- 
sational extracts from the least important paper if it happens to deal with birth 
control ; if building is to be discussed in the same way, we hope concrete will be 
overlooked as too tough a subject even for the “Irish News." 


Deterioration of Structures in Sea Water. 


THE Seventh (Interim) Report of the Committee of the Institution of Civil En- 
gineers on The Deterioration of Structures in Sea Water has just been issued 
(H.M. Stationery Office, price 2s.). This contains reports from several quarters 
of the action of sea water on timber and steel. No further reports are included 
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on reinforced concrete, but it is stated that the Committee has received from 
Mr. Marchbanks information of the exposure, over a period of seven years, of two 
reinforced concrete piles of т : 13: 3 mixture, то ft. long, in which the reinforce- 
ment is so placed as to give depths of cover of I in., I} in., 2 in., and 2} in. The 
specimens were placed so that the lowest 2 ft. were continuously in the water, 
the next 4 ft. were subject to the rise and fall of tide, and the upper 4 ft. were 
above water-level. A thorough examination has shown the pieces to be perfectly 
sound, and by stripping a length of cover off the reinforcement it has been ascer- 
tained that the latter is everywhere free from rust. The specimens have been 
repaired where stripped and re-exposed. One of them had been originally tarred, 
but this coating is disappearing. Though the experiment so far has given negative 
results, the Committee hope that it will lead to information as to the protective 
value of increased depth of cover. 

The Committee has under consideration the question of instituting experi- 
ments to ascertain the permeability of concrete to sea water and air, and has 
been in communication with Dr. R. E. Stradling, of the Building Research Board, 
with a view to the preparation of a suitable programme. 


Sulphur Impregnation as Concrete Strengthener. 


EXPERIMENTS conducted over a number of years by the Testing Department 
of the North Carolina State Highway Commission prove, it is claimed, that 
the impregnation of concrete with sulphur results in an appreciable increase 
in strength and a decrease in absorptive properties, and that this is brought 
about by the impregnation process irrespective of the age of the concrete. Thus 
tests have been made with specimens impregnated at ages of from seven days 
to three months after manufacture, and in all cases the increase of strength 
and decrease of absorption are approximately the same. The tabulated results 
of these tests show that the sulphur treatment increases the tensile strength of 
test pieces by over 500 per cent. and the compressive strength by about 450 
per cent. Sulphur-impregnated specimens are stated to absorb water to the 
extent of less than 2 per cent. Elsewhere in this number we give some further 
particulars of the process, and the tests upon which the above statements are 
based. 


Stone-Crushing and Screening Plant for Argentina. 


THE Commercial Secretary at Buenos Aires reports that the Department of Navi- 
gation and Ports of the Argentine Ministry of Public Works is inviting tenders, to be 
presented by November 14, 1927, for the supply and erection at Comodoro Rivadavia 
of a complete rubble grinding installation capable of an out put of ten metric tons of 
sand per hour. Local representation is essential. United Kingdom firms in a posi- 
tion to supply British materials can obtain further particulars regarding this call for 
tenders on application to the Department of Overseas Trade, 35, Old Queen Street, 
London, $ М.І. (Reference A. X. 5278). 
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Slabs Reinforced in Two Directions. 


An extension to Grashof and Rankine's Theory. 
By GORDON WELCH, B.Sc., A.M.Inst.C,E., A.C.G.I. 


THE curves generally known as “ Grashof & Rankine's" for determining the 
bending moments in a slab reinforced in two directions are held to apply with 
reasonable accuracy to cases where the slab is either freely supported or fixed 
at its four edges. From an examination of the principle upon which these curves 
are based, however, it is apparent that they cannot be applied to cases where the 
end conditions of fixation at two opposite edges differ from those obtaining at 
the other two edges. 

The principle upon which Grashof & Rankine's curves are based is simply 
that the proportion of the total load carried by the slab reinforcement in one 
direction is to the proportion of the load carried in the other direction in the 
ratio of the deflections caused by these loads, the deflections in the two directions 
being equal: or, in symbols, 

If W = the load per sq. ft. on the slab; W, = the proportion carried in 
direction of span /,; and W, = the proportion carried in direction of span /,. 

Then for a slab freely supported at all four edges the deflection in span /, 


will be :— 


_ 5.W 1, 
* 384 ЕД. 
and the deflection in span /, will be 
_ 5 И, 
57384 ЕТ. 
Now A, = 4, and assuming E.I. is constant, we have :— 
Wil, = Wila“. 
Also W, + W, = W. 
Solving these two equations for W, and W, we have 
И.А W.“ 
Мк ЫНДЕ O 
The bending moment in span /, will then be :— 
Мүн = wir [5] А (1) 
8 3 аа Бо, 20: 4083 
Similarly the bending moment in span /, will be :— 
с: 
8 8 1,4 + 1,4 


By plotting the values of the expressions in brackets for various ratios of 
1, to l, the curves of Grashof & Rankine are obtained. From equations (1) and 
(2) it will be seen that the bending moment in either direction is simply the 
ordinary bending moment (for whatever end conditions are assumed) multiplied 
by a factor depending on the ratio of the spans ; and this is true provided the end 
conditions are exactly similar at adjacent edges. 
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When, however, this proviso does not hold, as when one span has fixed ends 
and the other is freely supported, other curves must be obtained taking into 
account the difference in the two cases. As before 

let W, = the proportion of the load carried by span l, 
and W, = the proportion of the load carried by span /,. 

Let W = the load per square foot on the slab, and suppose span /, to be 
perfectly fixed at the ends and span /, to be simply supported. The deflections 
A, and A, will then be :— 

4 4 
A; = Wh and = БИ: 
384 Е.І. 384 E.I 
Again 4, = A, and assuming E.J. to be constant 


Wl = SW di. 


Also W, + W, = W. 
Solving these two equations for W, and W, we have :— 
4 4 IU 
1 = 54W an 2 = WwW 
l,* + 5H l$ + 5/,4 


Since W, refers to the fixed span, the bending moment in span /, near the centre 
of the span will be 
pM = Fit, Whe us] ے‎ А 
| 24 24 [|114 + 5/,4 24 “ 
Similarly the bending moment in span /, will be :— 


BM = W 1,2 2 ШАҒЫ | 1,4 | Wa F 
8 8 [2*5 8 CU 
Where C, and Е, are factors depending upon the ratio of the spans. 

Curve I has been derived in this way for the case of slabs one direction fixed 
and the other freely supported, and Curve II for the case one direction partiallv 
fixed (as in a continuous slab under live load with alternate bays loaded) and the 
other freely supported. It is considered that these curves, together with the 
standard curves for both spans under similar end conditions as given in the 
appendix to the R.I.B.A. Regulations, will be sufficient to cover most practical 
cases within the limits of accuracy of the assumptions made. 

It should be noted that in designing the continuous spans for live load of 
a slab which is freely supported transversely the bending moment at midspan. 
which is a maximum when alternate bays are loaded, may be found bv means of 
Curve II (for ends partially fixed), but the moments at supports which will be a 
maximum when adjacent bays are loaded are to be obtained by the aid of Curve І. 
and in this case the ends of the slab may be assumed practically fixed. This 15 
not quite true, but may be taken as a fair approximation. 

l'or end spans the subject is more complex owing to the fact that the position 
and the value of maximum deflection in the continuous span varies for dead and 
live loads and when different numbers of spans are considered. For these reasons 
a mathematically exact treatment of the subject fails from a practical point of 
view. 

However, for the end span of three spans it is found that Curve II may be 
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applied for both dead and live load moments at midspan without serious error, 
it being borne in mind that results thus obtained will be somewhat on the high 
side for live load and on the low side for dead load in the continuous span and 
vice versa in the transverse span. Curves drawn for dead and live load moments 
show that Curve II lies almost exactly midway between them, and that the maxi- 
mum variation of these curves occurs for a ratio of : = Т.Г, when the actual 
3 
values of C, for dead and live loads is 0:59 and 0:47 respectively which is a varia- 
tion of only 0-06 above and below the value found by use of Curve II. Towards 


either extreme of h such curves converge gradually to Curve II. 


3 i : 
Аз an example of the use of the curves we will take the case of a number of 


continuous bays each 12 ft. span and the transverse span of то ft. being freely 

supported. 

Continuous span 
Free span 


From Curve I: C,—07 and F,—03 
» II: C,—045 , Е, = 0:55 
Suppose the dead load = тоо lbs./sq. ft. and live load = 200 Ibs./sq. ft. 
Centre Spans. 


B.M; (continuous span) = 24 аг X 0% + 2 X 200 X 0:45] 


Then ratio of spans = I2 


— I500 lbs. feet. 
12? 
В.М,( ji » ( = = [100 + 200] X 0-7 
= 2520 $. feet. 
"2 
B.M ç (free span) = =. [100 X 0:3 + 200 X 0:55] 


— 1750 lbs. feet. 
End Spans. 


2 
В.М, (continuous span) — < [100 + 200] X 0:45 
= 1944 lbs. feet. 
12? 
В.М, ( х i jum - (100 + 200] X 0-7 


= 3024 lbs. feet. 


В.М, (free span) = ч X 300 X 0:55 


— 2060 lbs. feet. 


HARBOUR АТ GDYNIA. 
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Harbour at Gdynia. 


IN 1920, during the Russian advance 
towards Warsaw, the people of Poland 
realised the need of their country for a 
free and unobstructed access to the sea, 
and two years later it was decided to 
construct a naval and commercial har- 
bour at Gdynia, on the Baltic coast. 
The contract for dredging was let to a 
Belgian firm, and that for the reinforced 
concrete to a Danish firm. 

The outer harbour will have an area of 
1,440,000 sq. yds., bounded on the north 
by a mole 2,430 ft. long constructed with 
timber piles at 16 ft. centres and filled in 
with stone. The southern boundary will 
be a mole consisting of a reinforced con- 
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Method of Launching Caissons. 


crete upper portion on piles and sheet 
piles. The outer portion of the harbour 
will be protected by a breakwater resting 
on reinforced concrete caissons on top 
of a rubble mound. И is intended to fill 
these hollow caissons with dredged sand 
as soon as they are in position. The total 
length of moles and breakwater will be 
9,500 ft. 

The naval and mercantile harbours 
will have areas of 108,000 sq. yds. and 
I,330,000 sq. yds. respectivelv. The 
present depth of the naval harbour is 
I9 ft. 8 in. Here, about 390,000 cubic 
yards have been dredged by a dredger 
with a capacity of 16,900 cub. yds. in 
24 hours. 
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The reinforced concrete caissons are 
56 ft. long, for those with five compart- 
ments, and 27 ft. 10 in. high. Concrete 
with 540 lbs. of cement per cubic yard is 
employed. The method of launching the 
caissons is shown clearly in our illustra- 
tions, which are reproduced from ''Le 
Constructeur de Ciment Armé.” Some 
difhculty was encountered in towing the 
caissons to position as the channel tended 
to silt up and the caissons often grounded. 

The caissons were poured with the 
bottom vertical and close to the bank. 
which was then undermined by a suction 
dredger of 325 H.P. with a 12-in. suction 


Pipe. 


In the autumn of 1924 four caissons 
were in position on the north mole, and 
joined together by filling gravel behind a 
canvas screen which covered the junction, 
and cementing this gravel in heights of 
3 ft. at a time. The caissons were then 
filled with sand pumped from the suction 
dredger and the mass concrete super- 
structure commenced. Bollards were 
fixed every 6o ft. 

In the mercantile harbour there had 
been constructed, on December 1, 1920. 
one caisson with six compartments ; two 
with seven ; eight with nine ; and seven- 
teen with five. The nine-compartment 
caisson is 1ОО ft. long and weighs 1,20€ 
tons.—W. S. G. 


RAPID HOUSE CONSTRUCTION. 


Rapid House Construction. 


NOVEL METHODS 


IN our issue for March, 1925, we illus- 
trated and described the various methods 
of concrete cottage construction used in 
Holland to overcome the shortage of 
houses. These systems generally were 
quite novel, and many deputations from 
this country visited Holland to inspect 
them. We understand that the Dutch 
so energetically tackled the housing 
problem that all arrears have been caught 
up, and that there is now sufficient 
accommodation available to meet the 
demand. As a result, some of the firms 
operating these systems are seeking con- 
tracts outside Holland, and one of them, 
carrying on business in this country as 
the British Occident Concrete Construc- 
tion Co., Ltd., has just completed the 
erection of thirty houses on the Milton 
Road site for the Cambridge Corporation, 
under the direction of Mr. John D. Bland, 
А.КЛ.В.А., Housing Architect to the 
Corporation. 


AT CAMBRIDGE. 


In the “ Occident ” system, the walling 
is pre-cast in large sections and placed in 
position by a transporter crane. The 
cost of this plant and its erection is a 
fairly expensive item, and is only justified 
on schemes comprising a large number of 
houses on one site, but on large estates 
the system has considerable possibilities 
of economy. Beyond the crane, the 
expenditure on plant is very small. A 
narrow-gauge track is laid each side of 
the site, and on this the transporter is 
erected so that it travels over the site of 
the houses to be erected and can pick up 
pre-cast slabs from outside the track and 
place them in any position inside the 
tracks. A similar method of erecting 
concrete houses by the use of large slabs 
was used in Liverpool several years ago, 
but without the transporter crane used 
in this system. 

At Cambridge, each pair of houses 
consists of fourteen slabs; the front and 
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Lifting Slab from Moulding Platform. 
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Houses in Course of Construction. 


back of each house is made up of two 
slabs, one for the ground floor and one 
for the upper story (eight slabs in all for 
the front and back walls of the pair) ; 
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the end walls of the pair are formed of 
two slabs, one for the ground floor and 
one for the upper floor; while the party 
wall to each floor is pre-cast as one slab. 
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Lifting Slab for Upper Story. 
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These slabs are moulded on wood plat- 
forms beside the site of the house of 
which they are to form part. Window 
and door frames are placed in position 
before concreting commences so that the 
labour necessary after the walls are 
erected is reduced to a minimum and at 
the same time the woodwork is securely 
fixed in the wall. 

The fact that these slabs are cast hori- 
zontally gives almost unlimited scope for 
using different concretes without the 
expensive shuttering necessary when 
different mixes are poured vertically. 
In this system breeze concrete is used 
for the inner face and ballast concrete 
for the outer face. The slabs are made 
with the inner face down. Two inches 
of 1:7 breeze concrete are first spread 
over the platform ; next is placed 3} in. 
of breeze without cement or other binding 
agent; and finally a 2-in. layer of т: 44 


RAPID HOUSE CONSTRUCTION. 


ballast concrete to provide a weather- 
proof external face. It is claimed that 
a wall of this type has three times the 
insulating properties of a brick wall of 
the same thickness, and that it has high 
sound-resisting properties. The breeze 
concrete inner face prevents condensa- 
tion, and forms an excellent key for 
plaster ; it is found that a skimming coat 
only is necessary to give satisfactory 
results. The core of loose breeze or 
other filling fulfils the same function as 
a cavity, but is claimed to be more 
efficient than a hollow space in main- 
taining an equable indoor temperature. 
The outer layer of ballast concrete makes 
the wall weatherproof, and the fact that 
this is cast uppermost on the platform 
allows it to be readily surface treated. 
The practice is to scrub this surface about 
24 hours after it has been poured in order 
to expose the aggregate, and the effect 


Lifting a Large Flue Section. 
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Drawing Showing Composition of Weatherproof Wall. 


Outer Layer 1:4) gravel concrete ; core of loose breeze ; inner layer 1:7 breeze concrete. 


Slabs Moulded on Platforms. 


RAPID HOUSE CONSTRUCTION. 


Completed Houses. 


thus produced on these houses at Cam- 
bridge is quite good. 

At the corners and at window and 
door openings the loose breeze core is 
replaced by ballast concrete, so that at 
these places there are gravel concrete 
piers 51 in. thick to give added strength 
to the structure. At certain horizontal 
lines, such as the top of the slab, over 
window openings, etc., the loose breeze 
is also replaced by ballast concrete, so 
that at intervals both vertically and 
horizontally there are piers and rails of 
strong concrete, which are reinforced 
with steel rods. 

Usual practice is to use this type of 
wall for both lower and upper stories, but 
as the upper part of these houses was to 
be tile-hung, and there was thus no need 
for the weatherproof face to the slabs, 
breeze was used throughout for the walls 
to the upper stories. 

When the slabs are poured, iron rods 
with hooks at the end are embedded in 
the concrete for lifting purposes, and 
when they have hardened they are lifted 
by the crane and placed in position. 
With ordinary Portland cement the slabs 
are left ten days to harden, but a Cam- 
bridge rapid-hardening Portland cement 
was used with the result that it was 
possible to hoist these large slabs two 
days after casting, a tribute not only to 
the cement but also to the strength of 
the slab. 

The first slab erected for each pair of 
houses is held in position by struts until 


a slab is placed at right-angles, when the 
system of interlocking lugs by which the 
slabs are connected is sufficient to hold 
them vertical without other support. 
The lower slabs are bedded in mortar on 
the footings, while a bed of mortar is 
placed on the top of these slabs to receive 
the slabs forming the upper story. 

Partition walls are cast in one piece 
on a platform and hoisted into position 
in the same way. These are only 2-in. 
thick of breeze concrete for the upper 
floor and 41 in. for the ground floor, and 
a moving platform is used to prevent 
breakage during erection. As much as 
possible of the concrete work is pre-cast 
and hoisted in this way ; on p. 585 is 
seen à large precast unit to take eight 
flues. Floors and roofs are builtof wood 
in the usual way, as it is found that 
concrete offers no economy in this 
direction when applied to this type of 
construction. 

The contract price for these houses, 
which have a floor area of 937 superficial 
feet, is /475, which was considerably 
lower than competitive tenders for 
other methods and materials. The ap- 
pearance of the houses leaves little to 
be desired, the red tiles to the upper 
story contrasting wel! with the ground 
floors; the scrubbed surface of the lower 
stories has a very pleasant appearance, 
enhanced by the use of large aggregate 
which is exposed on the face of the wall 
in various shades relieving the general 
greyness. 
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Fusing of Concrete. 
By A. E. PERKINS. 


WHILST there are many instances on record of the spalling and cracking of con- 
crete under heat or actual fire, there appears to be little information to be obtained | 
in respect of the fusing of concrete. A recent experience of the writer's may, 
therefore, prove interesting to those connected with furnace design, etc. 
Some little time ago the writer was engaged on the construction of an under- 
fired muffle furnace, oil-fired, the combustion chamber as shown in diagram. The | 
design of the foundation, as shown, was based on the generally accepted assump- 
tions. In fact, according to Professor W. Trinks, of the Carnegie Institute of 
Technology: ' For furnace foundations concrete is the most commonly used 
material and ordinary red building bricks form an excellent material for furnace 
foundations; red bricks will withstand a higher temperature than concrete, 
without disintegration.” 
After the furnace had been in commission only three weeks it was noticed | 
that the centre wall was cracking and settling. It was at first thought that 
some local settlement of the supporting earth under the concrete foundation 
had taken place, but as the cracking and settlement continued it was decided 
to investigate. On the demolition of the furnace down to the concrete supporting 
raft, it was found that this raft had fused into a mass of solid black-green glass, 
which showed every evidence of having been in the plastic state and thus allowed 
the settlement of the centre wall of the muffle. 
A curious point about this phenomenon was that the best glass was found 
at the ground side of the foundation, viz. the side farthest removed from the 
heat. The layer of Scotch firebricks was in perfect condition, and as a matter 
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FUSING OF СОХСКЕТЕ. 


of fact most of the bricks were used again in reconstructing a new furnace. The 
ordinary red building bricks, too, were in nearly every case quite good, making 
the occurrence the more mysterious. As has already been stated, the combus- 
tion chamber was oil-fired and the temperature therein, as taken by the optical 
pyrometer, was 1,610 deg. C., 2,930 deg. F. The firebricks used on the bottom 
of the combustion chamber were on refractory test, Seger cone, 35, 1,770 deg. C., 
or 3,218 deg. F. 

The black-green glass was found to be the most readily fusible part of the 
concrete base and fused at approximately 930 deg. C. This temperature must 
therefore have been reached through the firebrick and layer of red brick. There 
appears to be little or no data relating to the heat transference from brick to 
concrete to earth, but it would certainly appear that the above-mentioned tem- 
perature, at least, had been obtained. 

The chemical analysis of two samples of the concrete glass is given below : 


(A) (B) 

Silica ; ; . 63:08 per cent. 6o:38 per cent. 
Alumina . : : : . 10°87 = 11:32 " 
Iron oxide . : : . 8:89 " 8:5 x 
Lime ; | . 15:76 5 17-72 5 
Magnesia . | ; ; . 1:37 ۰ 1°85 i 
Sulphuric anhydride . ; . 0:12 5 Tr. 

Gain on ignition ; ; . 0:3 5 0-48 ji 
Copper. : ; ; . — Tr. 

Silica ratio А : | . 32 Y 3:03 " 


The reconstructed furnaces were built with air ducts interposed between the 
combustion chamber and the concrete base and have given entire satisfaction. 
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AN UNUSUAL TYPE OF BRIDGE. 


An Unusual Type of Bridge. 


| LONG article Бу K. Schaechterle describ- 
ng the design and construction of the 
еу Миге bridges which are of a type 
hat we do not remember having seen 
reviously, and which has some interest- 
ng features, appeared recently in “ Beton 
i. Eisen." 

These bridges were erected in the most 
icturesque parts of Savoy, connecting 
he Wurtemburg State Railway terminus 
vith that of the Bavarian State Railways. 
Reinforced concrete was selected instead 
X steel, which was considered unsuitable 
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of flood. А single span of nearly тоо ft. 
would have been required if a beam 
design without piers had been chosen. 
This is, of course, beyond the limiting 
span for the beam type of bridge in 
reinforced concrete when carrying such 
heavy loads as had to be provided for. 
The type decided on, with sloping piers 
rigidly connected to the middle span and 
two freely supported side spans, has 
proved satisfactory. It has been possible 
to make the middle span only 45 ft. in 
length. 
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Cross Section. 


In such a locality. Owing to the limited 
headroom between rail and flood-levels, a 
masonry arch was out of the question. 
The bridge illustrated crosses the river 
on a skew of 50 deg. and on a gradient 
of 1 in 400 at a place where the river has 
a very high velocity sufficient to make the 
cost of river piers prohibitive. As the 
banks consisted of very good rock, an 
arch in concrete might have been selected, 
but this would have had the disadvantage 
of cutting down the waterway in times 


The limited headroom had another 
influence on the design of the middle 
span; the span could not be designed as 
a double-ell beam with a compression 
head—a type corresponding to the steel 
deck plate-girder—and the girders had to 
be constructed as ‘‘ through-girders ”’ 
with wide heads to take the compression. 

The span of the middle frame is 66 ft. 
at foundation level, and its height 
22 ft. 8 in. The floor is 14 ft. wide and 
I9 in. thick. In calculating the sections 
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Cross Section. 


required, a loading of 20 tons on each 
of six axles was taken and a temperature 
range of 15 deg. C. Wind and lateral 
stresses were taken care of by the intro- 
duction of stiff haunches at the upper ends 
of the transverse frames. The frame 
being three-fold statically indeterminate, 
the stresses were computed by the method 
of elastic weights, and limited to 430 lbs. 
per square inch in the concrete and 
10,600 lbs. per square inch in the steel. 

The concrete slab was rendered with 
cement mortar on which two layers of 
tarred cardboard were laid. The latter 
were protected by a coat of cement mor- 


tar containing a light mesh reinforcement. 
Drainage of the slab was provided through 
iron pipes cast in the concrete. 

To allow for expansion of the side spans 
a sliding plate was fixed to the lower side 
of the beams and a similar plate on the 
support. 

The lower formwork was supported on 
blocks of concrete resting on the river 
bed. The junction between upper and 
lower forms was made by means of jacks. 

Granite concrete, gauged rather wet, 
was used for the superstructure and a 
poorer mass concrete for the abutments. 
—W. S. G. 


Drawing Office Practice. 


RECOMMENDATIONS for British standard 
drawing office practice, dealing with a 
standard procedure for submitting draw- 
ings, tracings and blue prints to be 
adopted by manufacturers and contrac- 
tors, have just been published by the 
British. Engineering Standards Associa- 
tion. This publication is of considerable 
interest to those engaged in industries 
where drawings are used. The Com- 
mittee state that considerable care has 
been expended in its preparation, so that 
no hardship should fall on any firms 
should the recommendations contained in 
the report not be in strict accordance 
with their usual practice. To cover this 
contingency, a note has been included 
which suggests that purchasers should 
not enforce the manufacturer or con- 
tractor to make new drawings to comply 
with the B.E.S.A. recommendations if the 
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latter already has old drawings and tracings 
in stock which would serve the purpose. 

The scope of the report covers the 
overall sizes of tracing cloth and paper, 
position of drawing number, date and 
name, indication of scale, method of pro- 
jection, types of lines and writing, dimen- 
sion figures, relative importance of dimen- 
sions, indication of material on drawings, 
screw-threads, flats and squares and 
tapers, together with explanatory dia- 
grams. Апу special convention relating 
to one particular industry had to be 
avoided if the report is to be generally 
adopted, and for this reason many abbre- 
viations and conventions common to one 
or more, but not common to all, have had 
to be dispensed with. Copies of the 
Report may be obtained from the British 
Engineering Standards Association, prie 
2s. od. 


A PRE-CAST CONCRETE WORKS. 


A Pre-Cast Concrete Works. 


WE recently had an opportunity of visit- 
ing the works of the Wharf Lane Concrete 
Co. Ltd., of Ilminster. This firm now 
has a considerable output of architectural 
cast stone, walling slabs, garden orna- 
ments, fireplaces, and similar high-class 
work, as well as the ordinary run of con- 
crete blocks, slabs, fence posts, troughs, 
pipes, etc. Ham Hill, Doulting, and 
Portland are the stones of the district, 
and it is of these stones, principally the 
former, that the firm's products are 
mostly made. 

The principal building is that used for 
the moulding of high-class cast stone. 
The woodworking and plaster modelling 
shops are partitioned off at one end, the 
large centre portion is devoted to benches 
for casting, while the crushers and mixers 
are at the other end. All the benches are 
made entirely of concrete, with tops 
about 3 inches thick, which cost less than 
wood. Ав much as possible of the plac- 


ing, stripping of moulds, etc., is done on 
these benches, of a convenient height in 
order to avoid the unnecessary fatigue 
caused by stooping when the work is done 
on the floor. 


Sand Moulds. 


A general view of this shop is shown in 
Fig. 1. In the left foreground a sand 
mould for a curved slab is shown in course 
of preparation. This is an interesting 
example of the use of special moulds for 
special purposes. In this case the stone 
is to be made with its convex face down- 
wards, the sand being screeded to the 
shape of the stone by screeds on wood 
strips worked to the desired curvature ; 
the concrete is then placed on the sand, 
and the back screeded off to shape. 


Concrete Moulds. 


A view in the modelling department is 
shown in Fig. 2. This shows the modeller 
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Fig. 1.—Interior of Moulding Shop. 
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at work on a clay model of the upper 
‘on of a fireplace, above which is 4 


concrete mould made from 4 similar 


model. The firm has for some years 

specialised in concrete fireplaces, an has 

been very successful in producing & 

designs by slightly modernising Tudor 
tterns. 

Moulding in concrete and cement 
moulds is a novel feature which the staff 
has worked out and developed to such an 

1 


extent that they are u almost ex- 

clusively for repetition shapes, such as or wood moulds. In most cases these 
fireplace sections, concrete moulds are cast direct from the 
sundial pedestals, clay model; that is, forms of a height 
mns, etc. Not corresponding to the desired thickness are 
only is their life practically indefinite, but securely fixed around the model and the 
for many purposes they are actually concrete poured in, the model being 
easier and cheaper to make than plaster previously shellaced and oiled to prevent 


garden ornaments, colu 


Fig. 5 .—Gelatine Mould. 
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sticking. The mixture used for the 
moulds depends upon the amount of 
detail to be reproduced, as obviously the 
sand content, if any, must be very fine if a 
clean-cut mould is required of small de- 
tail; the mix must also be sufficiently 
plastic to fill all the details without tamp- 
ing, as tamping would spoil the model. 

According to their shape, these con- 
crete moulds are used either as complete 
moulds or as face-plates in wood moulds. 
In the case of the fire-place moulds, the 
sections are placed in the bottom of a 
wood frame which is filled to the desired 
thickness. For such articles as balustrade 
columns the moulds are made in two 
sections and fitted with projecting lugs to 
take bolts; for vases they are made in 
two or more sections; they are in fact 
made on exactly the same principle as iron 
moulds. 

Columns of any height are made in 
concrete moulds, both straight and with 
entasis ; in these moulds, two strips of 
wood are used vertically to complete the 
circle in order to ensure that the inner 
face of the mould shall be a true circle, 
and that there shall be no fins on the 
column caused by failure of the concrete 
sections to fit exactly (Fig. 4). А power- 
driven machine is used for turning 
columns and other circular work. 


A PRE-CAST CONCRETE WORKS. 


Gelatine Moulds. 

A typical gelatine mould is seen in 
Fig. 5, which shows to the left a section of 
the mould with the concrete figure not yet 
removed, and to the right the other half- 
section of the mould. In making these 
gelatine moulds a clay model is first 
covered with clay to a thickness of an 
inch or so, and surrounded with a plaster 
casing. The plaster is removed and the 
clay cleaned away from both model and 
plaster, so that when the plaster casing is 
placed around the model again, the space 
previously occupied by the clay is avail- 
able for the gelatine. 

In the case illustrated, the gelatine 
(which is similar to thin glue heated in the 
usual way in a double vessel) is poured 
from the bottom into the space between 
the model and the plaster casing. After 
the glue has set, the casing is removed, 
the glue cut in two sections and replaced 
in the plaster casing, and the model put 
at one side for future use. To make a 
concrete article from this mould, the two 
plaster casings containing the sections of 
glue mould are fitted together and held in 
position with wire or string, and concrete 
of a thin consistency poured in and 
stirred with a metal rod. 

Fig. 6 is a particularly fine piece of 
work just completed for the Devon County 


Fig. 7.—Tooling Surface of Fireplace Slab. 


597 


A PRE-CAST CONCRETE WORKS. 


Council. It is one of a series of orna- 
mental pieces, in cast Portland stone, for 
erection over the entrance to Totnes 
Secondary School to the specification of 
Mr. Percy Morris, County Architect of 
Devonshire. The work was carried out 
in wood moulds for the plain sections and 
plaster moulds for the ornamental 
sections. 


Surface Tooling. 


As already stated, the bulk of the stone 
is a reconstruction of Ham Hill stone, 
which particularly lends itself to a tooled 
surface. This stone is far more pleasing 
with the slightly rough texture left by the 
chisel than when polished or rubbed, and 
for this reason most of the products of 
the Company are tooled on the surface. 
For this purpose an electric surfacing 
machine is used mounted with its power 
unit on a wheeled truck so that it may be 
readily moved about the yard; the 
machine is taken to the work instead of 
taking the stone to the machine. Any 
type of tool may be fitted to the machine, 


<--- 
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which is very effective and performs its 
task with remarkable speed. In Fig. 
it is seen in operation surfacing a fireplace 
slab with the tool. This takes a slight 
thickness from the surface, leaving a face 
which is quite indistinguishable from 
hand-tooled natural stone. This machine 
is also used for vibrating special castings 
and is very effective with two hammers апі 
their many slight blows. According to 
the purpose for which they are required, 
the slabs consist of crushed stone aggre- 
gate, or a facing of crushed stone with 1 
backing of gravel or clinker concrete. 


Slabs. 


“ Semi-dry " concrete is never usi 
except in the case of such goods as clinker 
slabs. When faced slabs are made by 
machine they are always made face-dovr. 
using a wetter mix for the facing; the 
excess water is absorbed by the dryer 
backing when pressure is applied, so that 
а rapid output is obtained with no 105 0! 
strength in the face concrete. 

The use of these plain slabs is admir- 
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Fig. 9.—Balustrade Pier. 


ably illustrated in the photograph of the 
extensions to the Ilminster Endowed 
Schools (Mr. A. Pictor, architect) 
(Fig. 3). The new work has been made 
specially to match the existing buildings, 
and neither in colour nor texture can the 
new be distinguished from the old. By 
slight alterations in the mix with differ- 
ent batches a delightful variation in the 
colour of the slabs has been produced 
thus avoiding any monotony and ensuring 
that the new buildings will tone down to 
the same appearance as the old. 

The use of slightly differing mixes to 
produce a large wall area without mono- 
tony is also demonstrated in Fig. 8, which 
shows a garden enclosure wall. The 
walling is in gravel concrete in which the 


slabs made from slightly different batches 
of concrete are mixed together in con- 
struction. 

A point of interest in this wall is that 
although то ft. high it is only 4 in. thick, 
dimensions which could not have been 
adhered to if brick had been used. The 
set-back of sections of the face of the wall 
is obtained simply by grooving the edges 
of one pane! into the piers near the front 
and the next panel nearer the back of the 
pier. The coping has projections cast on 
it at intervals in the form of corbels ; 
although these do not fulfil the usual 
function of corbels, namely, support the 
stone resting on them, they serve a use- 
ful purpose in tying the top of the slabs 
and also add to the appearance of the wall. 
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Fig. 10.—Pipe Moulds. 


An example of the ornamental work 
produced by the firm is shown in Fig. 9, 
a well-designed balustrade рег sur- 
mounted by a vase, carried out in cast 
Ham Hill stone. 

Sheet steel moulds, made to a special 
design, are used for making posts, the 
feature of which is the fact that the sides 
are slightly sprung so that when the 
holding clamps are knocked away the 
sides of the mould automatically spring 
apart and release the post. 


Pipes. 


Pipes and tubes are made in all sizes 
from 9 in. to 42 in. A simple type of 
mould is used (Fg. то), which сап be set 
up and released by one man for the 
largest tube. The type of mould is 
shown in the illustration. The outer core 
is in three sections held together by the 
three clamps shown in the foreground. 
The inner core consists of two large 
sections and a slightly tapered sword- 
piece, which is withdrawn without dis- 
turbing the newly-placed concrete by a 
special device in the form of a light frame 


containing a screw ; this is placed on the 
top of the mould, a hook on the end of the 
screw passed through a hole in the top 
of the sword piece, and the latter slowly 
raised by turning the screw. 


Curing. 


Rapid-hardening Portland cement is 
used for practically the whole of the out- 
put. This not only expedites the pro- 
gress of manufacture, but also consider- 
ably increases the strength of the con- 
crete. In passing, it is interesting to 
note that Mr. Hutchings (the founder алд 
a Director of the firm) was one of the 
pioneers of steam curing in this country, 
but owing to the introduction of rapid- 
hardening Portland cement the one-time 
steam chamber has now become a store- 
room; in Mr. Hutchings’ opinion, there 
is no need for steam curing in our climate 
now that concrete will reach practically 
maximum strength in three days when 
made with rapid-hardening Portland 
cement and in 12 hours when made with 
aluminous cement. 


CURVES FOR DOUBLE REINFORCEMENT: 


Curves for Double Symmetrical 
Reinforcement. 
Ву A. G. C. FANE, M.Inst.C.E. 


Ir double reinforcement has to be used the necessary calculations are somewhat 
long and complicated. For this reason certain assumptions as to the position 
of neutral axis are frequently made, and these assumptions affect the accuracy 
of the result to an appreciable extent. 

These curves have been made so as to save the trouble of making the calcu- 
lations, and at the same time to avoid any inaccurate assumptions. 

The mathematical treatment of the case by Mr. F. H. Burkitt is given below. 
From this the author has made the tables and plotted the curves by working 
out examples and plotting results. 

These curves are only designed for use with symmetrical reinforcement ; 
that is, the reinforcement at top and bottom must be similar. 

Consider the beam below :— 


Fc 25 Compressive Reinforcement 


1 
: 


SS Tenside Reinforcement 


b = breadth of beam. 
¢ = maximum compressive stress in concrete. 
Л. = maximum compressive stress in steel. 
f, = maximum tensile stress in steel. 
и = distance of neutral axis from compressive edge of beam. 
h = effective depth of beam from compression surface to centre of tension bars. 
a = distance from surface of beam to centre of reinforcement. 
A = cross sectional area of steel in tension or compression. 
then f, түлж. (1) 
и 
f. =i „ = . . e e. ба 
и 
. f _ I5c(h + a — 2и) 
> (an | i == 
°. A(f, — f.) = compression taken by concrete, 
| сиб 
яг 


бот 
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3o(h + a — 2u) 
Moment of resistance about neutral axis :— 
cub 


OX St Af — a) + Af — 9) 


20 Шан I5 ye _ : 
= + =. 20 2hu + и? + u — 2ua + a) 
= КТЕ, 24 а? — 
ЖЕ + Damm 27 +a 2u(h + a) ) + aut | 
хал won MN 
6(h + a — 2и) | 


E M (^ + a — 2и) 
ub(2u? — 4u(h + a) + З(А? + a?)) 
If we have a beam as above in which we have assumed certain dimension: 
for h and M, we have to solve the lengthy equation 4 for an assumed position 
of и, and then to repeat this by trial and error method to get a suitable c. In 
order to avoid these troublesome calculations four typical beams have been 
worked out for й = то in. with different values of a. 
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One of these types (shown thus—— – – —— was of the following dimensions 
h = 10 in. 
a = I in. 
b = I in. 
then if — 16,000 lbs. per sq. in. 


с = боо lbs. per sq. in. 


For a beam without compressive reinforcement we know that 


и = 0:365 апа 
a (lever arm) = 0-88h 

. М = боо x 0:36 x 8:8 = 9,504 inch lbs., and 
А — 0:00675 X IO — 0-0675 sq. in. 


Now consider the same beam with double symmetrical reinforcement. 45 
sume M — 9, 504. Work out from formula 4 the value of c for a series of values 
of и as shown in Table т(А) (page бол). The value of c in each of these cases found 
by formula 4 is given in column 4. | 

Now find A by formula 3 for each value of и. The results are given m 
column 5. Then find f, and f, by formulas т and 2 for each value of и. The 
results are given in columns 2 and 3 of Table 1(a). 

Now we have complete tables giving the value of all unknowns for this type 
of beam in which a = o-1/, for all values of ш, for a bending moment of 9,504 
in. lbs. All these beams are not fully loaded ; that is to say, we could have 2 
larger bending moment than 9,504 in. Ibs. without getting f, or c above their 
safe limits. 
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Now see Table 1(B) for the same beam. Column I gives the same values 
of и as before; column 2 gives the ratio of и to А. This is wanted for plotting 
the curves for use of beams of other different heights. For each of these values 
of w let us bring f, up to its safe limit, 16,000 Ibs. per sq. in. 


Д = І5с 
р —и 


и 


— 


If we increase f, in any one beam we do not alter the ratio 


.. f, varies аз с and 
M varies as c 
.. M varies as f, 
Thus іп the case of и = 3:6 in., if f, = 9,414 lbs. рег sq. in., c = 352-99 lbs. 
per sq. in. Therefore if we make 
} = 16,000 


с = 352:99 Х 
т? 


— боо lbs. рег sq. in. and 
M = 16,153 in. lbs. 

Thus the values of M and c for f, = 16,000 with each value of u found. These 
are entered in columns 7 and 4 of Table 1(B). The value of A given in column 5 
remains as before. Column 6 157 — ratio of area of steel in top or bottom rein- 
forcement (not both) to area of concrete. 

The safe bending moment for a beam of this size without compressive rein- 
forcement (that is, the normal bending moment) was 9,504 in. lbs., whereas the 
safe bending moment when и = 3:6 in. as shown in column 7 = 16,153 in. lbs. 


Therefore the ratio A in this case — 25 = 16:996. Similarly the value of. 


= is found for each position of и. 


® 

These tables refer to beams in which the ratio = 0-10. Similar tables 
Ч 
Л 


The curves plotted for each value of 7 аге (а) curve showing corresponding 


have been worked out for beams in which — is equal to 0-125, 0-15, and 0-175. 


values of 7 and н (that is, it shows the position of neutral axis for any value of 


7 ог vice versa); (b) curves of ы for any value of r. 
" 
Example 1.—A beam of double symmetrical reinforcement 


h — 20 in. 
f — 0:009 
С d 
h 5 


(Required to find position of neutral axis and safe B.M.) 
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DOUBLE SYMMETRICAL REINFOI 


FOR MODULAR RATIO: 15 AND WORKING STRESSES) 
'40 € 
Curves showing position of neutrul axis for any quantity of sla 


h a EFFECTIVE WEIGHT OF BEAM. % s DEPTH OF NEUTRAL AXIS oC: HEIGHT OF СОнсастк 9716 


1 
и. 5 POSITION OF NEUTRAL AXIS Ако? AREA OF STEEL IM TOP OR BOTTOM REINFORCE MENT. 
AREA OF CONCRETE. 


Фе”, GIVES HEIGHT OF CONCRETE OUT SIDE CENTRE OF STEEL 


h 


. 
e Vole ian soe DOF& мот REFER ТО TOTAL STEEL W BOTH TOP AND боттом REINFORCEMENT 


35 ~ Ш, 


© 
e 
ь 


415 


:005 006 -007 
CURVES FOR DOUBLE SYM 


4 
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CURVES FOR DOUBLE REINFORCEMENT. 


ЗЕМЕМТ 


3000 Lb Sy: 


oo [b sy: 7 


a 
Q 
қ 


з Секта е ОР STEEL. 


ч 


6 


А 

| 

N 

à 

3 
Š 


ó Ч 


M з MOMENT OF RESISTANCE OF ВЕАМ OF SAME 


MEIGHT WITH SINGLE REINFORCING BAR OF 
SUCH SIZE THAT ? в “00675. 


TOP AND BOTTOM BARS IN DOUBLE REINFORCEMENT 
MUST BE SIMILAR FOR THESE CURVES TO APPLY, 

THEN M = MOMENT OF RESISTANCE OF BEAM OF SAME 

= HEIGHT WITH ANY J^ AKO DOUBLE 

SYMETRICAL REINFORCE MET. 


2-4 
ғә 
oe ди 


MOMENT OF RESISTANCE OF BEAM WITH DOUBLE REINFORCEMENT 
& ——— n Y nA Tn [PYP —— w 
MOMENT OF RESISTANCE OF BEAM WITH SINGLE REINFORCE MENT 


N. 
w he 10,f 216000, С . 609 
FOR NORMAL BEAM WITH SINGLE REINFORCENNT 
F . -00675 AND Ш ,-36 Й,. 3:6" 


М .зуо4- 165 ом | SECTION. 


Ф 


0-7 
008 P 010 oll "012 
METRICAL REINFORCEMENT. 
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Follow up the vertical line 7 = 0-009 till it cuts the curve shown thus 


—— —— _ and we get > = :3490 and M = I:321M y. 


For a beam of height k = 20 in., if f = 16,000 с = боо lbs. per sq. in. 
M, = 3си ха 
с == боо, и = 0:36h, а = o:88h, 
M, = 300 X o:72 X 17:6 
= 38,016 in. lbs., 
`. safe bending moment for beam 
= 38,016 X 1:321 = 50,220 in. lbs. 


Example 2.—To design a beam—double symmetrical reinforcement—to 
stand a bending moment of 30,000 in. lbs. per inch section of beam. We could 
design an infinite number of such beams : it is a question of getting the cheapest, 
with sufficient bond strength. 


Try one with a large percentage of steel: Say r = 0:010. Assume ; will be 


о10. Then from the curves: 


М _ r5 
M, _ 
x M, E 2 39099 2066 in. Ibs. 
1:5 1:5 
Mrz © 
2 
= 300 x 0:36h x 0۰88A 
20,000 
2 д? ر‎ Sd RSS 
— 300 X 036 х 0.88 | SM 
h = 14:505 in. 


’. А = 0:145 sq. in. per inch section of beam. 
Then from the curve 
= 0:3485, 2. и = 5:055 in. 
= 0-15 = 1:45 in. 
Now check this by formula 4. 
_ 6M(h + a — 2u) 
— wb(zu* — 4u(h + a) + 3(h? + a?) 
6 х 30,000(14:5 + 1:45 — IO:II) 
` 5:055(51-1 — 20-22 X 15:95 + 3 X 212:5) 
Ш 1,80,000 х 5:84 
5:055(51-I — 322-5 + 637:5) 
|. . 10,51,200 
_ 5955 + 1 
= 568-02, 
say, 568 lbs. рег sq. in. 
606 
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(See Table 1(B), which shows that when 2 = 1-5 C must be about 569 lbs. 


ег Sq. in.) 
Now try a beam with small percentage of steel : 


Say 


‘hen 


chen 


a 
= 0:007, = 0-010 


1:055 = 1:055 
= 300 x 0:36 х 0-88h 
= 28,436 2 | 
` 300 x 036 х 088 ` 2991 
— 17-29 in. 
= 0:007 X 17:29 = 0:121 sq. in. 


See which of these beams is cheaper, and if necessary try an intermediate 


one. 


RWW WWW 
Ó ی غږ هډه ت ف‎ © 


š + Q д 


Ó ANU 


N ш Ü шз Q ш) WW 
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TABLE Т(А). 


h = то in., а = roo in., b = 1 in., M = 9,504 in. lbs. 


| 
Л | fe | с 
x 9,414 | 3,824 | 352:99 
| 10,464 4,025 | 375:62 
| I1,620 4,226 399:053 
| 12,894 | 4.426 423:39 
14,304 4.627 448-72 
| 15,864 | 4,828 47517 
17,600 | 5,099 | 502-86 
| 19,535 | 5,228 | 531:94 
Box зас, cnn кызлы T 
ub(2u* — 4u(h + a) — 3(h? + a?)) и’ 
КҮР же метте 
` 30(h + a — 2u) 
TABLE 1(B). 
u 
> | f [^ A 7 
0:36 | 16,000 599:94 0:1137 0:01137 
0:35 m 574:32 0:102083 0-0102083 
0:34 | иг 549:46 0:0914 0:00914 
0:33 м 525.38 0:0825 0:00825 
0:31 - 479:046 0-06674 0.006674 
0:30 T 457-15 0-06 0-006 
0.29 | д 435:66 0:-05391 , 0:005301 


| 0:1137 

0-102083 

| 0-0914 
0-0825 
0-0742 

| 0:06674 

| 0:06 

0:05391 


44-14 


Ш 


— 156 


M in 


16,153 | 1:6996 


14,531 | 1,529 
13,086 1:3769 
11,794 | 122409 
10,631 1:1186 
9,585 1:0086 
8,640 O:9O9I 


7.784 0:8190 


А. G. C. FANE. 


TABLE 2(A). 
h = 10 in., а = 1:25 in., b = x in., M = 9,504 in. lbs. 


u f: f с A 
3:6 10,146 3,726 380:48 | 0:106337 
3:5 11,235 3,889 403:31 0-09608 
34 12,437 4,053 427:12 0-08659 
3:3 13,750 4,207 451:50 0-078065 
3:2 15,205 4,361 477:06 0-070378 
31 16,818 4,509 503°74 0-063432 
3:0 18,609 4,652 531:69 0-057147 
2:9 20,604 4,788 561-055 0-051437 


| и M 
u | ^ f A с r x M M. 
3:6 0:36 16,000 0:106337 600-02 0°0106337 | 14,988 1:577 
3:5 0:35 ” 0-09608 574:35 | 01009608 13,535 1:4241 
3:4 0:34 a | 0:08659 549°49 | 0:008659 12,227 | 1:2865 
3:3 0:33 е 0:078065 525:37 0:0078065 | II,059 1:1636 
3:2 0:32 i$ 0:070378 502-01 0:0070378 10,001 1:0523 
3'I 0:31 T | 0:063432 479:26 0:0063432 | 9,042 0-9514 
3:0 0:30 T 0-057147 457-15 00057147 | 8,172 0-8598 
2:9 0:29 р 0:051437 435°06 | 0:0051437 | 7,380 0-7765 
TABLE 3(А). 
h = Io in., a = I} in., b = I in., M = 9,504 in. lbs. 
и f x te | € A 
3:6 10,872 x 3,567 407:69 | 0-100465 
3:5 11,996 3.691 430:64 0-09074 
3:4 13,231 | 3,809 45441 0-081986 
3:3 14,591 3,920 479:104 | 0-07408 
3:2 16,091 4,023 504°82 | 0-0669 3 
31 17,751 4,116 531:07 | 0-06044 
370 19,593 4.199 559:81 0:054 
2:9 21,645 4,207 589:38 | 0-04918 
| 
TABLE 3(В). 
и | M 
3:6 0:36 | 16,000 599:997 0:100465 0-0100465 | 13,987 1.4717 
3:5 0:35 | " 574:39 0-09074 0:009074 12,676 1-3338 
3°4 0:34 ` 3 549:52 0-081986 0:0081986 11,493 1:2093 
33 033 | ” 525:39 0:07408 0-007408 10,422 1 -0900 
32 0-32 : 500-84 | о06693 | 0-006693 | 9450 954943 
3:1 0°31 ” 479:25 0:06044 0:006044 ' 8,566 0-9014 
3۰0 0۰30 js 457:143 0-034 0-0054 27,761 о-8 160 
2:9 0:29 T 435:67 0-04018 | 0:004918 | 7,35 0:7 392 
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TABLE 


4(А). 


h = то in, а = 1:75 in., b = т in., M = 9,504 in. lbs. 


и | Л fe с A 
3:6 11,584 | 3,349 434-41 0۰09495 
3:5 12,742 | 3,431 457°42 0۰08597 
34 14,013 | 3,503 481-26 0-077845 
3:3 15,411 3,565 506-02 0.070485 
32 16,951 3,015 531:81 0:0638 
3۰1 18,656 3,650 558-77 0:05772 
3:0 20,546 | 3,669 587-02 0:05217 
2-9 | 22,649 | 3,669 616-73 0-04712 
| 
TABLE 4(В). 
и | M 
Š | h Л цар к 50 7 | M. F x 
Біз | ызы کک‎ ues 
3:6 0:36 16,000 600-12 0:00495 ' 0:009495 13,127 | 1.3812 
3:5 0:35 „ 574:38 | 0-08597 ! 0-008597 11,934 | 1:2557 
34 0:34 i 548:35 0077845 | 0:0077845 10,854 1:1418 
3:3 0:33 e 525:36 0:070485 | 0-0070485 9,868 | 1-0382 
32 0:32 ші 501:08 | 0:0638 0:00638 9,004 : 0:9439 
3-1 0-31 Л 479:22 | 0:05772 0:005772 8,051 0-85763 
370 0°30 ” 45714 ' 005217 ! 0:005217 7:441 0:77874 
2-9 0:29 б 435:68 | 0.04712 | 0004712 6,714 0:7064 
| | 
Technical Education. 


THE syllabuses and arrangements for 
the Session 1927-1928 of the building 
and engineering schools are now being 
issued. 

The City and Guilds of London Institute 
has published a volume of 464 pages, 
containing the general regulations and 
syllabuses for examinations (price 35. 6d. 
net). The City and Guilds (Engineering) 
College, Exhibition Road, S.W.7, forms 
the engineering section of the Imperial 
College of Science and Technology. The 
courses of instruction cover a period of 
three years, commencing in October, and 
include civil engineering. The age of 
admission is over 16 years. The pros- 
pectus of the College may be had on 
application. 

University College (University of London) 
Faculty of Engineering commences the 


new session in October. There are three- 
year courses, separate classes, and even- 
ing classes at low fees in all engineering 
subjects, including reinforced concrete. 
Students desiring to take degree courses 
must have passed the Matriculation 
Examination of the University, or have 
been exempted therefrom ; other students 
may be admitted without previous 
examination provided their previous edu- 
cation is such as to enable them to follow 
the work of the classes. 

The University of Manchester and 
the Manchester Municipal College of 
Technology have issued prospectuses 
detailing the programme of the course on 
building construction (including rein- 
forced concrete) at the University, and 
of the part-time classes in building at the 
College of Technology. 
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Interior of Basement. 


Nine-Floor Reinforced Concrete Garage. (See р. 611.) 
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Nine-Floor Reinforced Concrete Garage. 


IN Paris there are no less than 200,000 
motor-cars, and owing to the bigh value 
of sites in the middle of the city it is 
realised. that only by building high 
garages can the cost of storing cars be 
kept within reasonable limits. 

The Banville Garage, in the heart of a 
busy district, has recently been сош- 
pleted to hold six hundred cars on seven 
floors. The eighth floor is fitted up for 
the sale of motor accessories, and the 
ninth with tennis courts. The area of the 
building site is 36,000 sq. ft., and the 
story height ir ft. Our illustrations, 


six classes of compartments were de- 
signed. 

A still more difficult problem was to 
discover what proportion the number of 
compartments of any class should bear 
to the whole. Obviously it would vary 
from hour to hour. Finally the designers 
resolved to make the sides of the com- 
partments movable, but even so the 
number of possible combinations is 
limited by the column spacings. Of 
course, the latter could be made larger 
but only at the expense of deep beams. 
A maximum span of 4o-ft. was used. 


Cross Section at Roof. | 


which are from Le Génie Civil, show 
the lay-out of this modern type of 
garage. 

The fundamental idea in designing the 
building was to have a separate enclosure 
for each car (in which washing, cleaning, 
and small repairs might be carried out) 
and an easy access from the street to 
any of the lock-up compartments. The 
design therefore involved questions of the 
size of compartments, the ratio of the 
number of each size to the total number, 
the spacing of the columns, the lay-out 
of water pipes, and the problem of 
ventilating the building. 

It was found that the size of cars is 
very far from being standardised, and 
that two ro-h.p. cars cannot always 
occupy compartments of equal size 
without a loss of space. It was decided 
to divide all cars into six classes and 


Reinforced concrete was preferred to 
steel for three reasons: (1) Economy in 
first cost and maintenance; (2) safety 
in case of fire; and (3) because the floors 
are more easily made watertight. It will 
be realised how important watertightness 
is when it is stated that each day more 
than 22,000 gallons of water are passed 
over the floors. High-strength cement 
was employed, and the formwork was 
removed in from four to seven days, 
according to the part of the building, 
after pouring the concrete. 

A plan and section are given on page 
612. 

The working stresses employed were 
17,000 lbs. per sq. in. for steel, and 850 | 
lbs. per sq. in. for concrete, which was 
mixed in the proportions of 594 lbs. of 
cement per cubic yard in расе.— 
W. S. G. 
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Book Reviews. 


Fire Resistant Construction. 
Building Research Special Report No. 8. 
H.M. Stationery Ofhce. Price 15, 6d. net. 


THE building industry is again indebted 
to the Building Research Board for the 
scientific treatment of a subject formerly 
in the region of rule-of-thumb. The 
well-known “ red books "' on fire-resist- 
ant construction had largely an empirical 
basis, but this report deals with the 
matter from theoretical foundations. 

The first part of the report considers 
the usual building materials and dis- 
cusses their resistance to the action of 
fire. Timber and steel require but brief 
space, and even natural rocks (such as 
granite, sandstones, and limestones) are 
found to be lacking in their powers of 
endurance against fire. Among artificial 
building materials, the clay products such 
as brick and terra-cotta are concluded to 
be “ probably the best fire-resisters."' 

The greater part of the pamphlet is, 
however, devoted to the results of experi- 
ments for improving the fire-resistant 
qualities of cement and concrete, no 
doubt upon the basis that the latter is 
the most important of modern construc- 
tional materials. Commencing from the 
standpoint that the lime set free during 
setting of cement constitutes a weakness 
in connection with fire resistance, because 
it leads to contraction when heated and 
disintegration on subsequent wetting, 
the experiments were designed to dis- 
cover a material that could be mixed 
with the cement and combine with the 
liberated lime. Suitable materials were 
found to be clinker from steam boilers, 
baked clay, and granulated slag. A 
mixture of either of these materials finely 
ground with Portland cement and a 
Suitable fire-resisting aggregate produces 
a concrete which can be submitted to 
high temperatures without a disastrous 
reduction in strength, while on subse- 
quent moistening and ageing of the fired 
specimens there is a tendency to regain 
strength. 

It is pointed out that the report deals 
with small laboratory specimens which 
attain the test temperatures of 1000 deg. 
F. to 2000 deg. F. throughout their 
dimensions in a short time, and thus give 
extreme results compared with the heat- 
ing effects of an actual fire upon the sur- 
face only of large structural members. 
Hence the successful laboratory results 


Pp. 57 + vi. 


E 


in the report can be taken as possessing 
a large factor of safety when applied to 
actual practice. The materials required 
for mixing with cement to improve its 
fire-resisting qualities are artificial imita- 
tions of the natural “ pozzolana ” or 
“ trass,” which are used in the Conti- 
nental countries where they exist for 
incorporating in concrete used for sea 
water work. The pamphlet describes 
methods of estimating the pozzolanic 
value of burnt clay and other materials 
and also of estimating the amount of 
free lime in set cement ; this part of the 
investigations constitutes a very valuable 
addition to the knowledge upon the sub- 
ject of pozzolanas and their action. 

The commercial application of the dis- 
coveries will depend upon the ability to 
rely upon cheap supplies of artificial 
pozzolanas of consistent quality, and 
also upon the widespread occurrence of 
concrete aggregates with fire-resisting 
qualities; it would be futile to use a 
fire-resistant cement in conjunction with 
a granite or limestone aggregate, and 
concrete construction is generally limited 
by the necessity of using local aggregates 
to avoid high transport costs. 

The report is clearly written and well 
illustrated by graphs, but in a scientific 
report it would have been useful to include 
the tables of figures from which the 
graphs were drawn. It is satisfactory 
to learn that the investigations upon 
reinforced concrete construction and upon 
large-scale specimens are being continued. 


* Management and Methods in Concrete 


way Construction." By J. 
Harrison. 
London: McGraw-Hill Publishing Co., Ltd. Price 
155. net. 


A BOOK collating all the available infor- 
mation on American practice in concrete 
road construction has been long overdue, 
and the gap is now admirably filled in 
this volume by the Highway Engineer 
of the United States Bureau of Standards. 
Besides giving concisely the results of 
experiment and experience that have 
hitherto been published in pamphlets, 
and in the form of papers read before 
technical societies or articles in the tech- 
nical press, the author's own extensive 
knowledge of the subject is seen through- 
out the work and the benefit of his 
experience passed on. 

American methods of concrete road 
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construction are now standardised to 
such an extent that the number of pages 
dealing with design and materials 18 
relatively small. The greater part of 
the book deals with organisation on the 
job with a view to obtaining maximum 
efficiency and keeping down costs. Thus 
I5 pp. are devoted to a discussion on the 
best methods of stock piling, and another 
15 pp. deal with the problem of hauling 
the mixed concrete from the mixer to 
the position where it is required; the 
advantages of various types of road 
lorries and the timing of each trip occupy 
24 pP. 

It appears that two things are now 
definitely agreed in the United States: 
the first is that the all-concrete road is 
the most suitable and cheapest for modern 
trafic; and the second the design of 
these roads for the different classes and 
volumes of traffic that come upon them. 
Attention is now being given to organisa- 
tion and management, and these subjects 
are covered very thoroughly in this 
volume. 

* Moderne ит Part I, by I. 

Zeiss! DO: 29 illustrations, 3 tables, 

Stern, 56 pp., 11 illustra- 
tions, I table. 


Berlin: Wilhelm Ernst & Sohn. Price: 
each, in paper. 


* Belastung des Baugrundes." By O:N.1.G. 
(Austrian Industrial Standards Com- 
mittee) 78 pp., 17 illustrations. 

Vienna: Ó.N.LG. 


THESE three booklets all deal with 
foundation problems. The first two are 
in the main descriptions of the patented 
piling apparatus handled by the Stern 
Company in Vienna, and the third a 
collection of articles and other publica- 
tions that have appeared from time to 
time in connection with the standardisa- 
tion of test loads, test apparatus for 
determining the bearing value of the 
ground, classification of various soils, 
assumptions for load distribution below 
ground level, etc. 

The scientific investigation of the 
properties of the soils generally met with 
on building sites has been carried to a 
very high degree of accuracy by the 
Austrian Committee, and forms interest- 


2:70 mk. 
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ing reading for engineers who specialise in 
foundation work and are desirous oí 
obtaining the latest information on the 
subject. 

The Stern method of pile driving 1s 
characterised by the employment oí 
compressed air for forcing concrete into 
the cavity left when withdrawing à 
closed tube previously driven into the 
ground. The compressed air is also 
used for working the pile hammer, which 
operates in the bottom of the piling tube 
and acts directly on the massive pile 
shoe. The method shares the defect 
inherent to all in situ piling, namely, 
that the pile supporting the structure в 
not the pile that has been driven. anc 
the carrying capacity of the substituted 
concrete pile bears no very definite 
relation to that of the pile driven and 
withdrawn. The Stern piling apparatus 
has many ingenious features but would 
appear to require skilled manipulation by 
highly-specialised labour or else ver 
efficient and constant expert supervision. 
—R.N.S. 


" Der Eisenbetonbau." Ву C. Kersten, Jr? 
volume : Practical Structural Examples. 
217 pp., '253 illustrations. 

Berlin: ‘Wilhelm Ernst & Sohn. Price: Раре. 
4°50 mk.; cloth, 5:40 mk. 

Tuis is the last of three volumes on rein- 

forced concrete, and forms the practical 

conclusion of the two preceding textbook 
volumes. It contains a series of examples 
of actual calculations for various mem- 
bers of reinforced concrete structures met 
with in ordinary practice, such as slabs, 
beams, cantilevers, lintels, hollow floor. 
stairs, walls, foundations, etc. The ques 
tion of continuous beams is treated at 
length, and a number of useful tables for 
their computation are given at the end 
of the book. The illustrations, in thet 
clearness and excellence of execution, 
form no exception from the high standard 

to which the Ernst textbooks are 2. 

and not only are of great assistance 1D 

explaining the matter, but are almost 

sufficient in themselves to enable 2 

reader without knowledge of German t0 

follow the course of calculations.—R.N.5. 


"HEALING" OF CRACKS IN CONCRETE. 


** Healing" of Cracks in Concrete. 


SoME interesting evidence on the “ heal- 
ing " of cracks in concrete was given 
before a recent meeting of the American 
Concrete Institute by Professor Duff 
Abrams and Mr. J. J. Earley. 

Professor Abrams said the question 
was not a new one, as he had observed 
in a number of cases that concrete which 
has been ruptured at an early period 
would, if left exposed to the elements, 
gradually heal up and become even 
stronger than it was originally. The 
most striking evidence of that kind was 
some tests made at the Lewis Institute. 
Eight years previously they had tested 
a good many concrete cylinders to failure 
at the end of 28 davs. These cylinders 
were placed in the yard, and some years 
later it was decided to put them in the 
machine again and re-load them, and they 
not only took as much load as they had 
originally taken, but gave values from 
167 to 379 per cent. of the original 28-day 
strength. His opinion was that the small 
fissures in the concrete which were opened 
up at the time of the original test were 
actually welded together by the sub- 
sequent depositing of the soluble materials 
from the cement and aggregate. It was act- 
ually a healing process, and the concrete 
gained in strength much as it would if it 
had not been subjected to its originalload. 

A few years earlier still he had occasion 
to make a test on a reinforced concrete 
highway bridge in Illinois built by the 
State Highway Department for testing 
purposes. The bridge had been loaded 
when three or four months old and some 
very decided cracks had occurred in the 
end of the girders; both ends of both 
girders were cracked on both sides, and 
in many instances showed a number of 
the characteristic diagonal cracks seen in 
girders of that kind that were overloaded. 
A number of props were put under the 
bridge in case it failed, but later up to 
thirteen times the original load was put 
on the bridge. Some of the cracks never 
opened, but new cracks opened alongside 
of them, showing that the original cracks 
had entirely healed and were as strong 
or stronger than the original concrete. 
Those two illustrations, he thought, bore 
evidence of the fact that this healing 
feature was a real factor and might be of 
interest in other connections. 

Mr. J. J. Earley mentioned that in 


1917 he made a very long balustrade. 
The surface of the concrete was treated 
before it was thoroughly set by brushing 
it with steel wire brushes until the aggre- 
gate was exposed uniformly over the 
surface. It was necessary to apply this 
treatment to all four sides of the hand 
rail because the bottom of it could be seen 
between the balusters. Therefore, it was 
necessary to turn the rail over before the 
cement had hardened enough to resist the 
action of the wire brush. Several of the 
rails were broken in the turning and were 
discarded, and as an experiment a broken 
rail was bedded down true in sand. The 
fracture was covered with sand, and twice 
a day saturated with boiling water until 
the fracture was seen to be thoroughly 
knit together and almost invisible. The 
section of this rail was 7 in. by r4in. The 
concrete was then allowed to dry and, 
although it was 14 ft. long, it was handled 
and set in the usual way, and has remained 
sound. 

After this experiment established the 
fact that broken concrete would heal, he 
had, whenever the occasion had arisen, 
deliberately used the process with uniform 
success. However, he had always applied 
the process to new concrete; that is, to 
concrete from which the original mixing 
water had not evaporated. Consequently 
he did not know to what degree control 
might be exercised over the healing of 
old concrete which had thoroughly dried, 
but he felt sure that the power to heal 
remained in old concrete. 

Mr. S. C. Hollister referred to a six- 
span structure consisting of arches of 
80 ft. and span rise of about 14 ft. Inthe 
construction of one of the arches the 
shuttering slipped down about an inch, 
with the result that the concrete immedi- 
ately over the pier, which was 4 ft. deep 
in that particular place, was cracked 
through to the full width of the bridge 
immediately over the face of the pier. 
The crack opened about 4 in. on the top 
face. After consideration he decided to 
see if the healing process would be 
efficacious, and immediately put on sand 
to the depth of about a foot ; dikes were 
cut at both ends of the pier, and the 
drains in the low portion where the two 
barrels come together were filled so that 
they could not release any moisture. 
The sand was covered with bagging, and 
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А Reinforced Concrete Shop Front іп Paris. 


the bagging and the sand kept continually 
wet for four days. Since the crack had 
opened so much it was not possible for 
one cement surface to jump over to the 
other cement surface, and since the crack 
was not incipient, as has been described 
in the other cases of healing, it was 
necessary to introduce something to serve 
as a filler, and the sand, with the excess 
water carrying it down slowly as far as it 
would go, served that purpose. Examin- 


ation four days later showed that only 
about one-third of the crack was visible. 
A week following that, examination dis- 
closed that the entire crack had disap- 
peared. It is not now possible to detect 
the position of that crack. From that 
time the concreting operations proceeded 
as before, as though nothing had hap- 
pened, and the centering was struck from 
the arch 28 days from the time the crack 
was discovered. 


Conference on Engineering Materials at Berlin. 


PREPARATIONS for a conference on Engineering Materials, which is to take place at 
Berlin from October 22 till November 13 this year, have already far advanced. The 


programme of papers contains about 200 lectures. 
ing materials will be dealt with, namely : 


electrical insulation materials. 
operation. 
Werkstofftagung, Berlin, N.W.7. 
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Three groups of engineer- 
iron and steel, non-ferrous metals, and 


More than 200 testing machines will be shown in 
Detailed particulars may be obtained from the Geschäftsstelle der 


Materials for Concrete Road Construction. 
By R. A. B. SMITH, A.M.Inst.C.E., A.C.G.I. 


THANKS to the hydrating properties of cement it is possible to mix it 
with water and bind together inert materials in such a way that they 
can be placed in position in a plastic condition, made to conform to the 
required shape, and then be left to harden and become permanent. By 
this use of cement it is actually possible to get better wearing qualities 
and better weathering properties from materials that in themselves 
are incapable of resisting either wear or weather conditions for any pro- 
longed period. It is usual to carry out certain tests, which will be des- 
cribed later, to ascertain the suitability of the aggregate and the correct 
proportions. 

Having decided on these it is advisable to take tests of the mix 
from time totime. Test cubesor cylinders are broken at 7 and 28 days. 
It is often too long to wait 28 days in order to see that the mix is 
right, but it is reasonably accurate to calculate the result at 28 days 


from the 7-day tests, using the formula S,, = S, + 25 V S,. 

Strength.—As concrete is more severely tested in roadwork than 
in any other form of construction it must be treated sensibly. To ignore 
certain definite rulings courts disaster. By carrying out very simple 
tests, expense may be saved not only immediately but later in the cost 
of maintenance. The strength of concrete depends on properly mixing 
together the correct proportions of each of the constituents, and the 
quantity of water used must be just as accurately gauged as the quantity 
of cement or aggregate. 

To obtain the highest strength from a test cube, only just sufficient 
water must be used as will enable all the materials to mix thoroughly 
together. This absolute minimum is not advisable in roadwork, as not 
only is it lacking in plasticity but with such a mix it would be impossible 
to obtain a proper close-knit surface. A very small extra percentage 
of water above the minimum will accomplish this, and once this is decided 
a slump test will give the standard. 

The slump test is a method of measuring the consistency of concrete. 
The only apparatus required is a sheet-metal truncated-cone-shape 
mould, 12 in. high, 8 in. in diameter at the base and 4 in. in diameter 
at the top, provided with handles at the sides, and a §-in. diameter 
pointed metal rod about 1 ft. long. The mould is filled with concrete 
in layers of 4 in. at a time, each layer being punned exactly thirty times 
with the rod. After the third (and last) layer has been punned, the 
mould is lifted off and the slump measured. The slump is the distance 
the cone of concrete settles after the mould is removed. A concrete 
of such a consistency that the slump is from }-in. to 1-in. (that is, the 
mass settles down to II} in. or II in. when the mould is removed) will 
contain only a little more water than is necessary for maximum strength. 

An increase of IO per cent. in the water content will increase the 
slump to 3 in. ог 4in., while an increase to 25 per cent. of water will increase 
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WATER - GALLONS PER |Сит: BAG oF CEMENT. 
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= 
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-40 48 -56 -64 -72 -80 98 56 104 442 120 128 8614 


Fig. 1.—Effect of Water Content on Strength of Concrete. 
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the slump to 6 in. or 7 in. The method of making the slump test is 
shown in Fig. 2. 

Assuming that 6 gallons of water are required to a sack of cement to 
obtain sufficient plasticity a slump test is then made and the slump 
is found to be, say, 1$ in. This should be set as the standard, and sub- 
sequently, however wet or dry the aggregate may be, it will only be 
necessary to adjust the water supply to obtain the pre-determined slump, 
or something very near to it. 

It is more dangerous to make the concrete too dry than to make it 
too wet, and it is this very fact that leads to a far too generous use of 
water. The diagram (Fig. I) gives a fair idea of the effect of the 
quantity of water used on the strength of concrete obtained. Curve A 
shows the results obtained by breaking cubes made in the laboratory ; 
Curve B shows the results which will probably be obtained when the 
cubes are made on the job with the same aggregate and cement. 


Fig. 2.—Method of making Slump Test. 


For concrete roads, one should endeavour to obtain a strength of 
3,000 lbs. at 28 days from the laboratory tests. The quantity of water 
required, on reference to the curve, is 7:5 gallons to a sack of cement, and 
the cubes made on the jobs may be expected to break at about 2,500 lbs. 
When the laboratory tests show a result of over 2,000 lbs. the mix may 
still be considered acceptable, but if they go lower than this it would 
be advisable to see if the extra strength can be obtained with rapid- 
hardening Portland cement if no better aggregate is available. 

Water.—It may be accepted that all water which is fit for drinking 
is also fit for use in mixing concrete, but fortunately this is not the limit 
and no water should be discarded as unfit for use until a test has been 
made. Waters polluted by certain definite industries, such as tanneries, 
are likely to be dangerous, whilst in other cases the dilution of the pollu- 
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tion is sufficient to enable one to use the water without fear of evil 
consequences. 

The use of sea water is often condemned for reinforced concrete, and 
yet there seems to be some modification necessary as far as Great Britain 
is concerned. 

In 1924, Mr. Persey, Engineer to the Barrow-in-Furness Corporation, 
constructed 3$ miles of concrete road along the sea front, to which refer- 
ence has already been made. He used sea water in mixing the concrete 
for the bottom course and used high-tensile steel reinforcement. In 
the top course he used fresh water, as it was not desired to run any risk 
of the wearing properties of the surface being reduced. So far there is 
no evidence of any action between the salt and the reinforcement. 

It would be rash to state that because of this instance sea water can 
be safely used, but at the same time the author is of the opinion that 
tests will eventually show that so far as Great Britain is concerned sea 
water can be safely used, even though the concrete is reinforced, provided 
that the concrete is sufficiently dense and is being used for road purposes. 

For unreinforced concrete, sea water is commonly used, and it has 
been shown that less than 0-1 lb. of cement is required to counteract the 
effects of the salt in a gallon of this water. At Fleetwood, the Engineer 
has for some years made all the various products necessary to a munici- 
pality in his own yard, using sea sand, and the percentage of sea salts 
present has not proved in any way detrimental. 

The use of common salt for the purpose of lowering the freezing point 
has been shown by an exhaustive research by Professor Duff Abrams to 
be dangerous. It requires not less than 5 per cent. of salt to reduce 
the freezing point of water 6 degs. F. and the reduction of the strength 
of the concrete is about 30 per cent. In sea water the percentage of 
salts, chiefly sodium chloride, does not exceed 3 per cent. 

Perhaps the most interesting conclusion at which Professor Abrams 
arrived was that there is “а marked reduction in strength of concrete 
with increase in quantity of mixing water for both fresh and impure 
waters. Increasing the mixing water by 1 per cent. reduced the strength 
of concrete about the same amount as if the cement were reduced 1 per 
cent. A comparatively slight increase in the quantity of mixing water 
produced a greater reduction in concrete strength than that produced 
by the use of the most polluted mixing water that is ordinarily encount- 
ered." Peat bog water is not necessarily unsuitable but should be tested 
for organic matter. 

There has been a good deal of discussion on the subject of what 15 
called the water-cement ratio. The net result is that it is practicably 
possible to specify the strength required in the concrete at 7 or 28 days 
and leave the actual ratios to the contractor so long as he supplies the 
concrete to the desired strength. 

Let us assume that a strength of 3,500 lbs. at 28 days has been 
demanded. То obtain this on the weakest mix of concrete the con- 
tractor requires, say, 6 gallons of water. However, he finds this mix 
is not plastic enough for speed in placing, perhaps owing to the presence 
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in the forms of complicated reinforcement. He must, therefore, make 
it wetter. He can, under the specification, make it wetter, but he has 
still to supply the required strength and keep within the limits of plas- 
ticity and workability. To do this he must put more cement into the 
wetter mix. There is a limit to the wetness possible, as the mix becomes 
unworkable. 

Tests have shown that if the contractor uses a wet concrete to get 
workability he will actually have to put in enough cement to bring him 
back to the same ratio of cement to water as with a drier mix. Obviously 
this system simplifies matters between the engineer and the contractor. 
The latter having submitted his materials and shown they give the 
required strength when mixed іп the proportion of, say, I: 2: 4 and the 
addition of 6 gallons of water, it is easy to agree beforehand with the 
engineer the additions of cement for the various consistencies necessary for 
the job in order to keep the water-cement ratio constant. 

For the contractor the method is satisfactory ; he can speed up his 
work with wetter mixes if he thinks them advantageous, or he can use 
an extra good cement and make it go farther than a cement which just 
passes the specification, thus reducing his transport and handling costs 
whilst satisfying the engineer. 

Sand.—So long as the sand is clean and reasonably free from argil- 
laceous matter it should be suitable for concrete work, a further considera- 
tion being that it should not contain an excess of fine material. 

For the purposes of a standard it is reasonable to demand that not 
more than 20 per cent. should pass the 50-mesh sieve. Sands which 
are deficient in coarse grains may still be used in concrete but may require 
a higher proportion of cement. 

The whole object of the sand and cement is to bind the coarse material 
together. As the coarse material is to take the wear, it is essential that 
this mortar shall be intimately mixed in order to gain the desired result. 
It is considered, therefore, that when material is hand mixed these two 
ingredients, the sand and cement, should be first mixed together dry 
before the coarse aggregate is added—by this means it is possible to 
get the sand particles well coated with cement. When the sand is wet 
this is not easy to accomplish, as there is a tendency to “ ball ” when 
mixing in the normal way. Yet even though the “ balling " takes place, 
the cement must be better distributed, and on the addition of the coarse 
aggregate the balls will be sufficiently broken up to complete the process. 

The most general test necessary for impurities in sand is the tannic acid, 
cr colorimetric test, The presence of I per cent. of tannic acid (organic 
matter) in sand which is to be used for concrete reduces its strength by 
over 25 per cent. and the increase in this percentage might even result 
in the complete failure of the concrete. The following describes an easy 
test for ascertaining the presence of this acid :— 

Obtain а 12-02. prescription bottle and a little 3 per cent. solution of 
caustic soda. Put in about 44 ozs. of sand, fill up to the 7-oz. mark, 
shake with the solution of caustic soda, and let it stand. At the 
end of 24 hours observe the liquid on top. If the liquid is clear or light 
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straw coloured the sand is passable, but if it is brown, and especially 
dark brown, the sand should be rejected, or, if no other is available, 
washed thoroughly until it passes the test. 

It is also of importance, especially in Ireland, to be assured that no 
sulphur is present, and to ascertain this a very simple field test can be 
applied :— 

Fill a test tube about one quarter full with the sample. Add dilute 
hydrochloric acid and warm over a flame, at the same time holding a piece 
of moistened lead acetate paper over the mouth of the test tube. If the 
paper turns a metallic brown in colour, sulphur is present. A distinct 
smell of hydrogen sulphide will most likely be noticeable. If sulphur 
is present the material must be regarded with suspicion and a proper 
laboratory test undertaken. 

It is easy to lay down a definite quantity of sand in the mix. Thus 
in a I: 2:4 mix we are in the habit of taking each by volume, but there 
is a very considerably different proportion of sand if it is supplied dry 
from when it is supplied wet. Loose sand may bulk when damp to as 
much as 25 per cent. more than the volume of the same sand loose and 
dry, whilst if thoroughly wet it will hardly alter іп volume. Тһе specifica- 
tion should state the proportions required when the sand is loose and dry, 
as the reduction of sand within the limits possible due to damp will not 
be sufficiently detrimental to the ultimate strength : otherwise the clerk 
of works must be given the power to increase the proportion of sand 
by volume up to 25 per cent. 

It is much preferable to vary the proportion of sand in the mix than 
to vary the proportion of water, and it will be found that if the contractor 
is not allowed some latitude with the sand he will most probably vary the 
water content according to the conditions in order to bring up a good 
close-knit surface. 

Let us assume that the correct mix as determined in the laboratory 
with dry materials is 1: 14: 3, and that the slump given with this mix 
and its correct percentage of water as required on the job is зіп. How 
does the clerk of works settle as to what this means with wet aggregates 
on the job? 

He should be given the weight of 1 cu. ft. of dry loose sand—let it 
be, say, 9o lbs. He takes a cubic foot of the wet sand, dries it out 
on a pan, weighs it and finds it weighs 112 Ibs. Then he will require 

112 
go 
to keep his proportions correct. 

The same method can be adopted to check the coarse aggregate. 

The alternative method is to keep all the sand thoroughly wet, so 
that it has about the same bulk as dry loose sand. 


== 1:25 cu. ft. of wet sand, 


(To be continued.) 
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Questions and Answers relating to Reinforced 
Concrete. 


Readers are cordially invited to send tn questions relating to concrete. 


These 


questions will be replied to by an expert, and, as far as possible, answered at 


once direct and 
tnterest. 


куче published where they are of sufficient general 
Readers 8. d supply full name and address, but only initials will be 


published. Stamped envelopes should be sent for replies.—ED. 


Design of Coal Store. 


QUESTION.—I am engaged upon de- 
signs for a coal store at an electrical 
generating station, and would be glad to 
have your opinion on certain queries 
which have arisen in connection therewith. 

The conditions are as follows :— 

Overall length, approximately 500 ft. 

Overall width, approximately 150 ft. 

Height of retaining walls, 20 ft. 

Ground level outside store, -- 20 O.D. 

Bottom level inside store, O.D. 

The store is to contain coal, finely 
broken as customary for use in auto- 
matic stokers, and water (to prevent 
spontaneous combustion of coal) to a 
maximum height of + 20 O.D., the coal 
being surcharged 15 ft. above this level— 
see sketch. The walls of the store retain 
earth on the outer side and coal + water 
on the inner side. 
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COAL SURCHARGE. 
ЗҮ \ MAX WATER LEVEL 
COAL & WATER 


The queries are :— 

(1) Has coal in water any harmful 
effect on concrete, or is it likely to set up 
corrosion in the steel reinforcement 
through fine cracks in the concrete ? 
Is 14 in. cover to main reinforcement 
sufhcient, or is it advisable to provide 
additional cover, and, if so, how much 
would you suggest ? 

(2) Can you give me any data, based 
on practical experience, for the weight 
and angle of internal friction of coal in 
water, assuming the Rankine formula for 
the calculation of horizontal pressures. 

(3) Assuming the use of the Rankine 
fornula, what method would you use, 
or what assumptions would you make, 


to obtain the pressure on the wall in this 
case, where you have coal + water + 
dry coal surcharge. The earth pressure 
on outer side is, of course, simple. 

(4) Is a simple concrete slab, reinforced 
with mesh fabric, without beams, suitable 
for the bottom of the store? Having in 
view the large area and heavy loading, 
and the fact that watertightness is 
desirable, would it not be better to provide 
stiffening beams to this slab? What 
thickness would you recommend for this 
slab ? S.H. H 

London. 


ANSWER.—(1) We do not think coal 
in water has any harmful effect on con- 
crete, but it would of course depend on 
the coal; if this were very high in sulphur 
it is possible that the sulphur might have 
a deleterious effect. In that case a 
rendering of the walls with aluminous 
cement would probably be the best 
protective measure. А cover of 14-in. of 
concrete additional to such rendering 
would probably be quite sufficient, 
assuming that the concrete is of first- 
class quality and really dense and water- 
tight. 

(2) An angle of slope of coal in water 
might, we think, be taken at 35 deg. 

(3) We think our correspondent could 
use the angle of 35 deg. throughout for the 
coal, whether it is wet or dry, and the 
formula is then of course a simple one. 
The difference between this and using 
test figures for the upper and lower 
layers would not in our opinion be 
sufficient to justify the complication 
involved. 

(4) It depends entirely on the sub- 
strata. If the soil is quite firm and not 
liable to settle unequally, beams are 
probably unnecessary. In any case if 
the slab is a large one it should be divided 
up into sections small enough not to 
crack owing to shrinkage, these sections 
being connected by watertight expansion 
joints. We should prefer rod reinforce- 
ment to mesh fabric as reinforcement. 
Probably a slab 8-in. thick reinforced 
top and bottom is the minimum on which 
one can try.—O. F. 
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Bridges. 


OvuEsTION.—I should be very much 
obliged if you'could find room in your valu- 
able columns for answers to the following : 

In designing reinforced concrete flat 
bridges, the working stress of which has 
been taken as based on the strength of 
concrete at 28 days, which of the two 
methods is preferable ? 

(1) At periods of about 5 days interval 
commencing 7 days after pouring the 
concrete, the wedges to struts under the 
deck are gradually eased, or 

(2) That no easing of the deck take 
place until 24 to 28 days, when the whole 
structure is then gradually eased of its 
load by carefully withdrawing the wedges. 

In the first case it would appear that 
the whole dead load is put on the bridge 
at the end of 7 days, but of course its 
full deflection is not permitted. 

In the second case no stress whatsoever 
is placed on the concrete until 24 to 28 
days. “ REGULAR READER.” 


| 
least 4 weeks have elapsed after pouring. 


CONCRETE 

ANSWER.—In the case of slab bridges 
spanning from support to support without 
beams the second alternative should be 
adopted. The striking of formwork is a 
matter for decision on the site after 
inspection of the concrete, and depends 
to a considerable extent on weather 
conditions. With comparatively small 
spans and favourable conditions the 
period may be reduced to 14 days, 
or it may be still further reduced to 
one or two days by using aluminous 
cements. 

The first method described in the 
question avails nothing and is practically 
equivalent to striking at 7 days, which 
may often be too early ; certainly part, 
and most probably all, the dead load 
would have to be carried by 7-4ау 
concrete. 

The live load, of course, must not be 
allowed to come on the slab until at 


—L. T. 


All-Concrete Road at Truro. 


[This all-concrete road has just been completed under the direction of Mr. F. A. 
It is 7 in. thick, reinforced with B.R.C. fabric.] 


Engineer and Surveyor. 
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Barnes, A.M.Inst.C.E., the City 


Joints in Concrete. 


QUESTION.— Kindly inform me whether 
there is any method of making a joint in 
concrete that will form the separate 
masses into one monolithic block. Ihave 
recently tried the following experiments, 
which failed. 

I filled two frames 6 in. by 9 in. by 5 in. 
to within 2-in. from the surface with con- 
crete, and allowed them to set for three 
days. On the third day I cleaned the 
surface of one by scraping it, and the 
other by washing it with commercial 
hydrochloric acid, being careful to wash 
off all traces of the acid with clean water. 
I then filled the frames to the top with a 
I: I mixture of cement and sand, tamping 
slightly and trowelling to an even surface. 
The samples were kept in a damp place 
and watered from time to time. 

After ten days I tried the rendered 
surfaces with a hammer; hair cracks 
could be noticed at the corners before 
applying the hammer. The rattling 
sound of gentle knocks disclosed the 
existence of the joint. Subsequently by 
giving four or five hard knocks I cleared 
the rendering clean of the original surface 
in both samples, with no sensible differ- 
ence. Before applying the rendering I 
washed the surfaces with clean cement 
applied with a new brush. 

These results make me think that a 
perfect joint is not possible, but that the 
bond can only be obtained by artificial 
means, such as picking the surface, or 
using steel. Am I right ? 

L. САТЕ. 

Malta. 


ANSWER.—The experiments quoted are, 
in our opinion, not very conclusive, because 
only 14П. was added, and this would 
naturally shrink rather rapidly owing to 
loss of water by evaporation. Had a sub- 
stantial mass of concrete been placed 
instead of a {-іп. rendering probably a 
much better connection would have been 
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obtained. The joint will of course, 
depend very much on the efficiency of the 
rough surface, and we are not quite clear 
whether the scraping left a really rough 
surface with deep indentations. Had the 
rendering been kept wet for two or three 
weeks by being covered with wet sawdust 
or something equivalent, a much better 
result would probably be obtained. As 
our correspondent suggests, steel pro- 
jecting from the first block into the 
second would add considerably to the 
strength of the connection.—O. F. 


Tanks for Breweries. 


QUESTION.—We have an inquiry for 
concrete tanks for brewery work. These 
tanks must be guaranteed to withstand 
fruit acids, and we are looking for a suit- 
able lining. Can you suggest a suitable 
material for this purpose ? 

We understand that the temperature 
of the acids when being poured into the 
tanks is just under boiling point.—G. G. 


ANSWER.—Providing concrete tanks 
are properly made, they should not need 
special lining in order satisfactorily to 
contain fruit acids. Probably the near- 
est approach to such tanks in existence 
is a series of tanks built at Kingston for 
the storage and fermentation of wine. 

Some of these tanks were built fourteen 
years ago, and when the question of 
extending these storage tanks arose in 
I925 the Company were so pleased with 
the service the twelve tanks built twelve 
years previously had given that they 
decided to erect the new tanks in con- 
crete. These tanks each contain I4,000 
gallons of wine. The latest ones to be 
erected were made of rapid-hardening 
Portland cement, and the inner faces 
rendered. 

Full descriptions of these tanks were 
given in Concrete and | Constructional 
Engineering for March, 1923, and Sep- 
tember, 1925. 


EFFECT OF SULPHUR IMPREGNATION. 


Effect of Sulphur Impregnation on Strength 
of Concrete. 


THE following notes on the effect of 
sulphur impregnation of concrete are 
taken from a recent number ої‘ Engineer- 
ing News-Record," to which full acknow- 
ledgment is due :— 

Tests extending over a number of vears, 
and observations of some pre-cast con- 
crete in place have shown that concrete 
may be impregnated with sulphur with 
an increase in strength and decrease in 
absorption. This fact, not too well 
known to engineers, may have application 
to concrete uses not heretofore tried. 

Commercial flour sulphur, or sulphur 
in any other form, added to the mix 
has little or no effect on the strength 
even though this contained sulphur is 
subsequently melted. In carrying out 
the sulphur treatment the pre-cast con- 
crete products, preferably well cured, are 
immersed in a bath of molten sulphur 
until the requisite degree of absorption 
has resulted. Тһе treatment is applicable 
to all types of concrete and cement 
mortars, including aluminous cement and 
with any aggregate chemically inert 
toward sulphur. With the exception of 
cinder concrete products, these various 
concretes and cement mortars sink in 
molten sulphur. 

The usual working temperature of a 
sulphur bath for the impregnation of 
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concrete is 130 to 150 deg. C., although 
under certain conditions it may be advis- 
able to employ higher temperatures oí 
I60 or 180 deg. C. 

The rate of absorption of molten 
sulphur by concrete is dependent upon 
a number of factors, moisture content 
probably being the dominant one. The 
first action which takes place when a 
piece of concrete at room temperature 
is lowered into a bath of sulphur is solidi- 
fication and freezing of a layer of sulphur 
on the surface of the concrete. This soon 
fuses, however, and the temperature oí 
the concrete gradually increases with 
evolution of steam and ebullition of the 
bath as the bubbles of steam pass through 
it. The driving off of the contained 
moisture has a tendency to retard the 
entry of the molten sulphur and to reduce 
the temperature of the concrete. It is 
therefore very desirable to utilise concrete 
containing a minimum quantity of 
moisture. 

The physical condition of concrete also 
affects the rate of absorption. This is 
especially true of concrete products which 
have a more or less impervious skin of 
neat cement on the surface, such, for 
example, as occurs in concrete pipe made 
by rotary machines. The usual mixes of 
concrete such as are employed for the 
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making of tanks and electrolytic cells 
if fairly dry may be impregnated at least 
for a distance of 2 in. in eight hours, or 
at the rate of } in. per hour, but in many 
cases a much higher rate of absorption 
may be induced. 

It is also sometimes helpful to immerse 
the concrete in a bath of 160 to 170 
deg. C., and after two or three hours 
reduce the heat and temperature to 125 
to 130 deg. C. This procedure is often 
efficacious where the concrete is of dense 
structure and with a pronounced moisture 
content. The use of vacuum or pressure, 
or both, in conjunction with this process 
of treating concrete with molten sulphur 
greatly assists and speeds up the treat- 
ment. 1616 not a difficult matter to adapt 
the present creosoting cylinders for use 
with sulphur, and in fact, this is now 
being done on a semi-commercial scale 
by one of the large railway companies for 
the purpose of treating fifty concrete ties 
with sulphur. 

Impregnating Portland cement con- 
crete and cement mortars with molten 
sulphur increases their tensile and com- 
pressive strengths. Standard tensile 
briquets of cement mortar which ordin- 
arily break at about 150 lbs. per sq. in. 
are increased in strength to over 1,000 lbs. ; 
in many instances  sulphur-treated 
briquets have not failed below 1,700 lb., 
and a few have withstood a pull of 2,000 
lb. per sq. in. The increase in tensile 
strength is shown graphically in Fig. I, 
developed in co-operation with the Divi- 
sion of Construction and Tests of the 
North Carolina State Highway Сот- 
mission. 

In addition to the increase in tensile 
strength there is far less variation in the 
strength of the treated specimens than in 
the untreated. In other words, the plain 
specimens at an age of seven days, 
although not nearly as strong as those 
cured for three months, compare very 
favourably after treatment, and it there- 
fore appears that sulphur impregnation 
brings about a marked increase in 
strength regardless of the age of the con- 
crete at time of treatment. 

Under compression, sulphur-treated 
concrete shows an increase in strength 
over the untreated similar to that indi- 
cated in the case of tensile tests. For 
example, ат: 5 mix of aluminous cement 
mortar when treated with sulphur showed 
an average strength of 14,000 lbs. per sq. 
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in. under compression. Another series of 
tests of a similar mix of Portland cement 
under compression failed at 1,665 lbs. per 
Sq. in. before treatment and 8,600 lbs. 
after being impregnated with sulphur. 
Standard 3 in. by 6 in. concrete cylinders 
impregnated with sulphur required 57,100 
lbs., or 8,078 lbs. per sq. in., to bring 
about failure. Another series of treated 
cylinders showed a minimum strength 
under compression of 7,528 lbs. per sq. in. 
and a maximum of 9,641 lbs., with an 
average of 8,355 $. These cylinders are 
of standard concrete highway mix as used 
by the State Highway Commission of 
North Carolina. 

The great increase in strength imparted 
to concrete by impregnating with sulphur 
may possibly be explained by the fact 
that sulphur contracts when solidifying 
and the crystalline forces tend to bind the 
entire mass together. The phenomenon 
is the opposite of what takes place when 
water freezes. The freezing of water- 
saturated concrete has a tendency to dis- 
integrate the structure due to expansion, 
whereas when sulphur passes from the 
liquid phase to the solid there is marked 
contraction resulting in a consolidation 
and binding effect. Inthe case of concrete 
there may also be some chemical action, 
such as the formation of small quantities 
of iron sulphide or other sulphur com- 
pounds. 

Sulphur is not nearly so inflammable as 
is popularly supposed. In the case of 
sulphur-impregnated concrete the fire 
hazard is very slight. This treated con- 
crete will not support combustion, and 
cannot be ignited by ordinary flame. It 
is not as fireproof as untreated concrete, 
and when exposed to a degree of heat 
above the melting point of sulphur the 
contained sulphur melts and vapours are 
driven off. This will not destroy the 
concrete structure itself and the resulting 
mass would be in much the same state as 
when removed from the impregnating 
bath, the molten sulphur being held 
within the concrete by capillarity. 

Although the cost of treating concrete 
with sulphur has not been worked out on a 
commercial basis, it is at least comparable 
with the cost of creosoting timber in 
standard treating cylinders, and may be 
somewhat lower. 

Sulphur impregnated concrete has 
many commercial possibilities especially 
in the electrolytic field. It has been used 
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for treating large electrolytic cells which 
have been in actual operation for nearly 
a year under the action of a mixture of hot 
ferrous and ferric chloride solution at the 
plant of the Niagara Electrolytic Iron Co. 
These cells are 14 ft. long by about 24 ft. 
Sq. in cross-section, and weigh approxim- 
ately 4,000 lbs. with walls 3 in. thick. They 
were completely immersed in a bath of 
molten sulphur carried in a vat tempor- 
arily set up for the purpose, and remained 
in this bath for eight hours. The sulphur 
apparently penetrated all surfaces uni- 
formly for at least an inch in depth, and it 
is reported that they are performing satis- 
factorily and withstand the very corrosive 
action of the electrolyte, which is a 
mixture of hot ferrous and ferric chloride 
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solution. These cells are reinforced, and 
there appears to be no reason why rein- 
forced concrete can not be treated satis- 
factorily with sulphur since it is assumed 
that in many cases the sulphur treatment 
will actually protect the reinforcement 
from corrosion on account of the very low 
absorption of the treated concrete. 

Generally speaking, water absorption is 
reduced to less than 2 or 3 per cent. and 
in many cases is reported аз being 
negligible. 

Unfortunately no satisfactory method 
has been devised for treating existing 
structures, such as concrete road surfaces, 
with molten sulphur, and at best it 
appears impracticable and extremely 
expensive. 


HOW TO MAKE AND USE 
CONCRETE PRODUCTS AND CAST STONE 


OW to save money in the manufacture and use of pre-cast concrete, and particu- 
larly how to make good concrete articles, are the subjects of a new volume 
entitled “ Manufacture and Uses of Pre-cast Concrete and Cast Stone." 


It deals exhaustively with every phase of the manufacture of pre-cast concrete, 
concrete products, and cast stone of every description and for all purposes. It contains 


256 pages, 160 illustrations, and colour plates. Throughout it is written in simple 
language, illustrated with photographs and clear drawings on practically every page. 


All the available information on pre-cast concrete, from tiles to architectural 
cast stone, is embodied in this practical work, which no products manufacturer, borough 
surveyor or builder can afford to be without. 


The design and manufacture of moulds for all types of concrete products and all 
shapes of cast stone are dealt with at length, the descriptions of the best and simplest 
moulds for each type of product being illustrated bv more than 5o working drawings 
and illustrations of moulds in wood, plaster, sand, glue, concrete, etc. Working draw- 
ings are given of moulds for columns, cornice, posts, paving flags, kerb and channel. 
blocks and slabs, bricks, ridge and valley tiles, steps, sills, lintels, edging, balustrades, 
sundials, bird baths, lettered panels, ornamental work, etc., etc. 


Price 5/-, by post 5/6. 
From CONCRETE PUBLICATIONS LTD, 20 Dartmouth Street, London, S.W.l. 


SPECIALISTS IN CONCRETE CONSTRUCTION 


C. MISKIN & SONS, LTD. 
Builders and 


Ferro-Concrete Contractors. 


ST. ALBANS and 
1 LONG ACRE, W.C2 
‘Phone: - - St. Albans 593; Gerrard 1538 


EDWARDS Construction Go., Lro. 


PUBLIC WORKS CONTRACTORS 
SPECIALISTS IN REINFORCED 


CONCRETE STRUCTURES 


ALDINE HOUSE, 
10-13, BEDFORD STREET 
STRAND, 
LONDON, W.C.2. 


TELEPHONE : 
Recent 6353 
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DATA FOR PRICING REINFORCED CONCRETE. 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. s. d. 
Best Washed Sand . . : . peryard 13 6 
Clean Shingle, 3 in. mesh š š " š š ; : š В? 12 6 

So - $ in. mesh. š 2 š : ` : š v 13 6 
Thames ballast . š Я ° š š А $ " š " 10 6 
Broken brick (3 in.) à : à ji II 6 
Best British Portland Cement (delivered London area). š perton 535. to 55 O 
Rapid-Hardening Portland Cement . . . . delivered London 105. рег ton extra 
“ Super-Cement "' š š à . perton 835. to 88 o 
" Lightning ” Brand Aluminous Cement . . . . „ 1005. to 105 6 
Ciment Fondu ‘ š | А . ° : . works f.o.r. 95 O 
BOARDING FOR SHUTTERING— Sawn. Wrot. 

5. 4. 5. 4. 

Iin. . š . . . . . š Ai square 23 6 27 6 

1] in. . . . . . . . 4 "i 20 6 33 6 

тіріп. . . . в, 35 6 41 о 
Sawn TIMBER FOR STRUTS AND SUPPORTS— | 

3 in. by 4 in. . . : à . from /22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . : : : ve w £20 y s: 

Мир STEEL RODS FOR REINFORCEMENI— s. d. 

in. to 21 in. Rounds . : қ š š à Я . percwt. іо 6 

i5 to 1 in. Rounds . . š . . š š : T IO 9 

| in. Rounds 4 4 " : š " А š š is II O 

1 in. Rounds . . : è y А š; 12 О 
Breeze Slabs per yd. super: 2 in., 1/11; 2] in., 2/4; 3 in., 2/9; 4 in., 3/6. 
MATERIAL AND LABOUR, INCLUDING то PER CENT. PROFIT. 

(Based on Contracts up to £2,000.) 

PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 

Do. do. in foundation . . . š : . per foot cube I 9 

Do. do. in columns 2 5 7 š š ял 55 I II 

Do. do. in beams. š š А š ; ; vi з 2 1 

Ро. do. in floor slabs 4 in. thick . , : . per yard super 5 8 

Do. do. in floor slabs 5 in. thick . 4 š : »" 2 7 0 

Do. do. in floor slabs 6 in. thick . 5 P ç T bs 8 6 

Do. do. in floor slabs 7 in. thick . 5 2 N T "T 9 IO 

Do. do. in walls 6 in. thick. 4 » 8 2 

(4 dd for hoisting 3s. 6d. per yard cube above ground-floor level. Add for ** Ferrocrete" 
15. 104. per yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 

POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 

From $ in. to 4 in. š . . . . . . . percwt. 23 6 

e Ñ in. to } in. i š . : * š e : 5 21 6 


1 in. to 21 in . . . - 20 6 
EXTRA LABOUR TO "BENDS in iin, rods, 44.; in. rods, 1d. ; fin. rods, 114., 
Pa rods, 144., ł-in. rods, 134.: [-in. rods, 2d. ; і-іп. rods, 244. ; Ij-in. rods, 

d. ; 11-10. rods, 31d. ; 14-ш. rods, 434.; мон rods, 6d. (per bend per cwt.). 


EXTRA LABOUR TO HOOK BENDS: } in., ; bin,od.; $ in., 214,: $ in. 
34.; țin., 34d.; țin., 44., 1in., 444.: 14 in., a ; Id in., 74. (per bend per шил 
SHUTTERING— d. 


Shuttering and Supports for Concrete Walls (both sides measured) per square 29 о 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 


IO ft. high š š š è ; š persquare 55 о 
Do. do. in small quantities š ; . per ft. super о ro 
Shuttering andSupports to Stanchions for easy removal, average 18in. by 18 in. 
per ft. super o rrj 
Do. do. as last, in narrow widths. š "ЭЭ I I} 
Do. do. to sides and sofhts of beams AU EE 9 in. by ! I2in. ,, ,, т 1% 
Do. do. as last, in narrow widths. р А ЛИ” I 3i 
Raking, cutting, and waste to shuttering . à : š perft.run o 3 
Labour, splay on ditto . : " o 2 
Small angle fillets fixed to internal ап gles of shuttering to form chamfer, шах эн о 3 


WAGES.—The rates of wages on which the above prices are based are:—Carpenters 
and joiners, 1/9} per hour; Carpenters working on old shuttering, 1/10]; Labourers 
on building works, 1/4}; Men on mixers and hoists, 1/54; Bar-benders, 1/5]. 


[° This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyright.) 
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NEW PORTABLE CONVEYOR. 


New Portable Conveyor. 


A NEW type of portable con- 
veyor for handling loose bulk 
materials has been put on the 
market by Messrs. Fraser & Chal- 
mers Engineering Works, of Erith, 
Kent. The special feature of this 
machine is the elimination of the 
usual skirt boards to prevent 
the materials flowing over the 
side of the conveyor. This is 
achieved by troughing the belt, 
as shown in the sectional view, 
and it is claimed that this length- 
ens the life of the belt by at least 
three times owing to the absence 
of wear on the edge of the belt. 
The belt returns flat under the 
protection of an arch-frame fitted 
to an automatic belt-cleaning de- 
vice. The belt has a speed of 
200 feet per minute. The stand- 
ard width of the belt is 16 іп., Section of Troughing. 

and the lengths of standard 

machines from 20 to 35 ft.; in the two in the illustration,—while in the larger 
smaller sizes the engine or motor 18 sizes the engine is arranged beneath 
arranged over the conveyor as shown the conveyor. 
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New Portable Conveyor. 
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PROSPECTIVE NEW CONCRETE WORK. 


Prospective New Concrete Work. 


ABERYSTWYTH.—Howses.—The ` T.C. 
proposes to build 50 houses on the 
Penarke estate. 

BABINGLEY.—Bridge.—The Norfolk 
County Western Highways Committee 
has applied for sanction to borrow (1,600 
for the construction of a bridge over the 
Babingley stream near Castle Rising. 

BANGOR, IRELAND.—Concrete Roads.— 
The U.D.C. has applied for sanction to 
borrow {18,000 for reconstructing certain 
streets in reinforced concrete. 

BARNOLDSWICK.—Concrete — Roads.— 
The U.D.C. proposes to spend £4,000 on 
making up a number of streets in rein- 
forced concrete. 

BARRHEAD.—ZHowses.— The T.C. pro- 
poses to spend £5,750 for a housing estate 
of 47 acres. 

BaTH.—Houses.—The Т.С. has applied 
for permission to borrow /62,115 for the 
construction of 122 houses on the South- 
down estate. 

BosroN.—Howuses.—The Т.С. has 
purchased a site on which to erect 104 
houses. 

BRIDLINGTON.—Reservoty.—The Т.С. 
is considering a scheme for the con- 
struction of a reservoir. 

BRIGHTON.—Concrete Groyne.—The 
T.C. is recommended to construct a con- 
crete groyne opposite the Lagoon. The 
cost is estimated at £1,600. 

CARLISLE.—Houses.—Application has 
been made for sanction to borrow {29,870 
for the erection of 76 houses on the 
Bolcherby estate. 

COLCHESTER.—Paving.—The T.C. pro- 
poses to spend £1,400 on concrete surfac- 
ing work at St. John’s Street parking 
place. 

CorK.—Concrete Roads.—The City 
Council proposes to reconstruct Fisher’s 
Lane and Thomas Street in reinforced 
concrete. 

Cork.—Concrete Wharf—The Cork 
Harbour Commissioners propose to spend 
£2,700 on reconstructing Victoria wharf in 
reinforced concrete. 

FLEETWOOD.—Road.—The U.D.C. pro- 
poses to construct a 75 ft. road, 13 miles in 
length, from the borders of the Fleetwood 
district to Rossall schools. The scheme is 
estimated to cost /53,000. 

FRINTON-ON-SEA.—Sea Defence Work. 
—The U.D.C. has applied for sanction to 


borrow £3,620 for sea defence work at 
Battery Point. 

HAILSHAM (SUSSEX).—Concrete Streets. 
—The R.D.C. proposes to construct 
Victoria Road and Albert Road in rein- 
forced concrete. 

HEMEL HEMPSTEAD.—Concrete Bridge. 
—The T.C. proposes to build a reinforced 
concrete bridge, at an estimated cost of 
£4,000. 

HONICKNOWLE.—Road.—The Plymp- 
ton St. Mary R.D.C. proposes to con- 
struct a road on the housing site at 
Honicknowle, St. Budeaux. 

LEIGH, Lancs.—Houses.—The T.C. pro- 
poses to build 168 houses by direct labour. 

MELVERLEY.—Bridge.—The Oswestry 
R.D.C. is considering a proposal to pro- 
vide a bridge over the River Severn at 
Melverley. 

OLDHAM.—Houses.—The Corporation is 
considering a scheme for the erection of 
500 houses. 


HOW MUCH 
DO 
YOU KNOW? 


The following is the answer 
to the ten questions ap- 
pearing on page xxxii 


By Using 


"ЕЕККОСКЕТЕ 


The Rapid-hardening Portland 
Cement supplied by 


THE CEMENT MARKETING CO. 


LTD., 
Portland House, Tothill St., S.W.1. 
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OnsETT.—Howses. — Application has 
been made for permission to build 50 houses. 

OssETT.—Houses.—The Buildings Com- 
mittee recommends the Council to apply 
for sanction to borrow /2,750 for the pur- 
chase of the Swithenbank estate for a 
housing site. 

PaIGNTON.—Houses.—The U.D.C. pro- 
poses to build 30 houses on a site known 
as Barton Gardens. 

ROTTINGDEAN.—Sea Defence Work.— 
The East Sussex C.C. is recommended to 
carry out sea defence work at Rotting- 
dean, at an estimated cost of £960. 

SLoucH.—Howuses.—The U.D.C. is con- 
sidering a scheme for the erection of 152 
houses in the Stoke Road district. 

SOUTH DUBLIN. — Reservoir. — The 
R.D.C. proposes to spend /29,000 on the 
construction of a reservoir. 

SPENBOROUGH.—Houses.—The U.D.C. 
proposes to build 70 houses on the 
Gomersal site. 


CONCRETE 


STAFFORD.—Houses.—Application has 
been made for permission to borrow 
£5,200 for the purchase of a housing site 
in Stone Road. 

Тік-ү-ВЕвтн. — Bridge. — The Bed- 
wellty U.D.C. is negotiating with the 
Gelligaer Council on the question of 
constructing a bridge over the River 
Rhymney at Tir-y-Berth. 

_TYLDESLEY.— Howses.— The | U.D.C. 
proposes to build 30 houses on the Sale 
Lane site. 

ULVERSTON. — Bathing Pool. — The 
U.D.C. proposes to construct a bathing 
pool at Canal Foot. 

WnITBY.—Concrete — Promenade.—The 
Surveyor has submitted a scheme for 
developing the cliff frontage. The scheme 
includes a proposal to construct a 5o-ít. 
wide concrete low-level promenade. 

WORCESTER.—ZHouses.— The T.C. has 
purchased a housing site in Mayfield 
Road. 


Tenders Accepted 


BiRMINGHAM.—Concrete Houses.—The 
City Council has accepted the tender of 
Messrs. Henry Boot & Sons, Ltd., at 
£171,690, for the construction of 412 
concrete houses at Hall Green. 

BLANDFORD.—Concrete Kerbing and 
Paving.—The Corporation has accepted 
the tender of Mr. F. W. Brickell, Albert 
Street, Blandford, at £370, for the con- 
struction of 720 ft. of 6-in. by 10-41. 
concrete kerbing, 180 super yards of 
2-in. artificial stone paving slabs, and 250 
super yards of 2-in. non-slip artificial 
paving slabs. 

CARDIFF.—Premises.—The tender of 
Messrs. E. A. Bond & Co., Beda Road, 
Cardiff, at £4,749, has been accepted for 
reinforced concrete work for the new 
premises for Messrs. D. Duncan & Sons, 
Ltd. Other tenders submitted: W. S. 
Thomas & Co., £4,902; F. J. Thomas & 
Sons, £5,449; W. Symonds & Sons, Ltd., 
£5,579; Е. C. Williams, £5,845; D. 
Davies & Sons, £5,889; Tucker Bros., 
35,898, Watts & Gale, £6,170; W. 
Thomas & Co., £6,640; S. & I. Williams, 
£6,826; H. Jones, £7,982. 

CARLISLE. — Concrete Houses. — The 
City Council has accepted the tender of 
Messrs. John Laing & Son, Ltd., at 
£8,192, for the erection of 20 concrete 
houses on the Blackhall Road estate. 

CHESTER.—Concrete Sewers.—The T.C. 
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has accepted the tender of Messrs. G. 
Clarke & Sons, Ltd., Bristol Street, 
Hulme, Manchester, at £10,555, for the 
construction of concrete pipe sewers, to- 
gether with concrete and brick manholes. 
DEwsBuRY.—Concrete Tank аға 
Floors.—The Dewsbury апа District 
General Infirmary Board has accepted 
the tender of Messrs. S. MacFarlane, Ltd., 
Leeds, at £13,800, for the construction of a 
concrete water tank and floors. 


DUCKHAMS 


CONCRETE 


| MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Co, Ltd. 
|6 BROAD ST. PLACE, LONDON, E.C.? 


FALMOUTH.—Setwerage Works.—The 
Corporation has accepted the tender of 
Messrs. A. J. Steer, Ltd., Carfrae Terrace, 
Plymouth, for the construction of about 
400 ft. of 18-in. concrete tubes surrounded 
with concrete to form a storm оуег- 
flow. 

KINGSTON (I.O.W.)—Concrete Raft.— 
The Electric Light & Power Co. has ac- 
cepted the tender of Messrs. F. Bevis, Ltd., 
at {1,890, for the construction of a rein- 
forced concrete raft. 

MERTHYR.—Concrete Water Tank.— 
The G.W. Railway Co. has accepted the 
tender of Messrs. Johnson’s Reinforced 
Concrete Co., Ltd., for the construction of 
a concrete water tank at Merthyr. 

SANDOWN (I.0.W.)—Concrete Groynes. 
—The U.D.C. has accepted the tender of 
Messrs. Sadler & Co., Cosham, Hants, at 
£192, for the construction of three rein- 
forced concrete groynes. 

SOUTHAMPTON.—Concrete Dolphins.— 
The Harbour Commissioners have 
accepted the tender of Mr. A. E. Farr, at 
31,500, for the construction of three 
reinforced concrete dolphins. 

STONEHAVEN.—Reservoiy.—The Т.С. 


TENDERS ACCEPTED. 


has accepted the tender of Messrs. J. 
Scott & Sons, Ltd., Aberdeen, at /277, 
for reinforced concrete work in connection 
with lining the inside walls and floors of 
the Slug Road reservoir. Other tenders 
submitted : Yorkshire Hennebique Con- 
tracting Co., Ltd., £650; Grays Ferro 
Concrete Co., Ltd., /530; C. M'Donald 
& Sons, £415 17s. 6d.; James Leith, 
1356, Henderson & Milne, /259 125. 6d. 

WEMBLEY. — Concrete Sewers. — The 
U.D.C. has accepted the tender of Messrs. 
Moffatt’s General Construction Co., Ltd., 
26, Hart Street, W.C.2, at £2,766, for 
the construction of about 650 yds. of 
concrete tube sewers, complete with man- 
holes. Other tenders submitted: Е. 
Jackson, 42,778, C. Ball, £2,785; J. B. 
Edwards & Со. Ltd., 42,787, Mears 
Bros., £3,089; R. H. Powis, £3,097; 
T. Muirhead & Co., Ltd., £3,097; T. B. 
Gulliver, £3,360; W. Muirhead, 
donald Wilson & Co., Ltd. £3,509; 
T. D. Petrette, £3,539; Shadbolt & 
Davis, £3,581 ; J. Moffatt, 73,923; Craw- 
ford Bros., £3,951; К.Н. Hartley & Co., 
Ltd., £4,140; H. G. Sharp, £4,212; 
M. Vine, £4,632. 
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WEMBLEY. — Concrete Road. — The 
U.D.C. has accepted the tender of Messrs. 
J. B. Edwards & Co., 180, Piccadilly, 
W., at £61,110, for reconstructing in rein- 
forced concrete and widening about 2,850 
yards of Watford Road. Other tenders 
submitted: Т. B. Gulliver, £65,529; 
Shadbolt & Davies, £67,356; К. H. 
Powis, £67,759; G. P. Trentham, Ltd., 
£67,994; G. Wimpey & Co. Ltd. 
£70,067; J. Mowlem & Co. Ltd. 
£70,474; W. H. Wheeler & Co., £70,954 ; 
A. Graham, £71,024; W. Jones & Sons, 


Ltd., £71,213; T. Muirhead & Co., Ltd., 
£71,473; M. Vine, £71,502 ; Mears Bros., 
£71,513; W. Moss & Sons, Ltd., £71,949; 
C. Ball, £72,613; J. Moffatt, 773.309; 
J. W. Adams, £73,432; Sir Wm. Pres- 
cott & Sons, Ltd., £73,434; T. D. Ped- 
rette, £73,888 ; Chittenden & Simmons, 
Ltd., £74,289; Moffatt’s General Con- 
struction Co., Ltd., £74,614; W. Миг. 
head, Macdonald Wilson & Co., £75,063; 
W. Griffiths & Co., Ltd., £75,888; F. 
Jackson, £76,777; Walker Weston Co. 
Ltd., £78,373 ; J. Cronk & Sons, £81,281. 


Trade Notices. 


“ Blaw-Forms.’’—An arrangement has been come to by which the English 
interests of the Blaw-Knox Company of Pittsburg, U.S.A., have been taken over by 
Messrs. Milliken Brothers and Blaw-Knox, Ltd., of Wellington House, Strand, W.C.2. 
The steelwork and engineering portion of the business of Christmas & Walters (Caxton 
House, London, S.W.r), however, is being continued, and will as heretofore be carried 
out by them. 


Ransome Plant.—Messrs. Ransome & Rapier, Ltd., of Ipswich, have issued a 
new catalogue giving particulars of their “ Runabout,” “ Featherweight,” '' Light- 
weight," “ Middleweight " and rotary drum mixers, and also announce a substantial 
reduction in the price of these machines. 


B.R.C. Leeds Representative.—Major H. A. Butterfield, A.M-.Inst.CE., 
P.A.S.I., has been appointed Roads Representative for The British Reinforced 
Concrete Engineering Co., Ltd., for the Leeds Area, The address of the Leeds Office 
is 5, East Parade. 


Concrete Tramway Sleepers. 


THE Melbourne Tramways Board have, states “ The Railway Review," just uncovered 
a number of concrete sleepers which were laid down as long ago as I9I4 as an experi- 
ment. They have been in the ground continuously for 13 years and are now found 
to be as sound in condition as when they were first laid. The wooden sleepers in a 
neighbouring length of track have had to be renewed on account of deterioration. 
The technical staff of the Tramways Board is looking carefully into the matter with 
a view to further use of concrete sleepers. 


Recent Patent Applications. 


275,680.—F. A. Robins and F. M. 
Taylor: Concrete blocks. 
275,894.—R. Hahn: Concrete mixers. 


267,484.— К. Pichler: Mixing concrete. 

274,537.—А. Haussens: Moulding con- 
crete blocks. 

274,099.— Irving Iron Works Co. : Rein- 
forced concrete flooring. 


New Company Registered. 


HAMILTON SLABS, Ltd. (224379). Registered September 12. 233, Clapham-road. 
S.W.9. Manufacturers of concrete partition slabs, etc. Nominal capital: 4100 
in {т shares. Permanent directors: W. L. Cook, 233, Clapham-road, S.W.9. 
A. W. Mills, 53, New Broad-street, E.C. 
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EDITORIAL NOTES. 


An Opening for Concrete Poles. 


THOSE interested in furthering the uses of concrete will have noted an announcement 
in the Press last month to the effect that the Central Electricity Board, which 
is preparing schemes for the supply of electricity in Great Britain from super- 
power stations, has decided to use steel towers, or poles, to carry transmission 
lines. We understand, however, that so far it has only been definitely decided 
to make use of these steel towers for the high-tension distribution in connection 
with the Scottish scheme, and that the type of pole to be used for the low-tension 
transmission in Scotland and for both high-tension and low-tension transmission 
in the other areas has not yet been agreed upon. The decision to use these steel 
towers was, we believe, arrived at solely because of the urgency with which they 
were required. Not that, with the use of modern cements, concrete poles cannot 
be made and erected expeditiously, but because of the difficulty experienced 
in procuring data on the design of reinforced concrete poles of a height up to 
62 ft. and to carry transmission lines spanning up to ї100 ft. Such poles have, 
of course, been in use on the Continent for many years, and in France particularly 
they are used to such an extent that a standard specification for their design is 
in existence. But as we understand the position the Board did not consider 
the available data sufficient on which to embark on the manufacture of over 
a thousand poles needed for the high-tension transmission in connection with 
the Scottish scheme alone. 

It is no reflection on the few firms who have experimented with, or made, 
reinforced concrete poles to say that this country has lagged far behind other 
countries in the development of the reinforced concrete transmission pole. This is 
largely due to the lack of support from users of such units, but it cannot be denied 
that theconcrete industry asa whole has been singularly neglectful of the possibilities 
of concrete poles. There is now a unique opportunity available for the use of tens 
of thousands of reinforced concrete poles in heights of from 30 ft. to бо ft. and 
upwards, and to carry spans of from 300 ft. to over 1,000 ft. The permanence 
of concrete needs no emphasis, neither does its economy in maintenance; the 
chief stumbling-block seems to be standardisation of a design which the respon- 
sible authorities can be quite sure will be satisfactory. It must be admitted 
that it is a great responsibility for any public body to embark on the manufacture 
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anderection of such a large number of concrete transmission towers or poles without 
every assurance that they will be in all ways satisfactory. We believe certain 
firms have already been approached on the subject of manufacturing reinforced 
concrete poles for some of these schemes, and hope it will be possible to convince 
the Board and its advisers that there is no reason why reinforced concrete struc- 
tures that have proved efficient and satisfactory in other countries should not 
be equally efficient and satisfactory here. 


Architectural Detail Cast in Formwork. 


IN this number we illustrate an interesting example of architectural detail cast 
in situ with the structural members by the insertion of moulds inside the main shut- 
tering. The simpler method of ordering pre-cast decorative units from cast 
stone makers has no doubt been to some extent responsible for this method of 
forming architectural detail in concrete; the better finish, and the greater simplicitv 
of using special facing mixtures, are other factors that have favoured the use of pre- 
cast ornamental units. These factors have greater weight when cast stone made to 
represent natural stone is, for the sake of economy, used for detail on natural- 
stone facades, or when a representation of natural stone is needed for the dressings 
to a brick building. 

But when concrete detail is desired on a concrete building, as in the case 
referred to, the necessity of matching natural stone does not exist. No special 
mixes or surface treatments are required to make a gravel concrete to represent 
gravel concrete; the truest representation must be obtained by using the same 
mix and treating the whole surface, including the moulded detail, in exactly the 
same way. With this method, also, the ornamental detail is monolithic with the 
structural members, which surely is the right treatment of a plastic material such 
as concrete. The garage illustrated is a very successful example of this method of 
construction, and the figures given of the extra cost of shuttering and rubbing 
with carborundum show that it has the merit of economy. 


Supplying Ready-Mixed Concrete. 


WE have previously referred to the increasing business being done in the United 
States in the supply of ready-mixed concrete from a central mixing plant. This 
has led to a new development in the shape of tipping lorries equipped as 
concrete mixers in which the materials are mixed while they are actually being 
transported from the central storage plant to the job on which they are required. 
We understand that this method of delivering ready-mixed concrete is now in 
use in Washington, California and Oregon, and that its popularity is spreading. 

The body of the truck is the shape of an open trough mixer, built of steel. and 
the truck is fitted with a tipping arrangement so that the mixed concrete mav be 
discharged from the end. Mixing is by paddles, or spades, on a revolving shatt 
along the centre of the body, and operated from the engine. The standard mixer 
trucks have a capacity of 21 cubic yds. of mixed materials, and are fitted with 
water tanks and automatic water control apparatus. 
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Torsional Strength of Reinforced Concrete. 


INTERESTING TESTS BY JAPANESE ENGINEERS. 


By Takenosuke Miyamoto. 
Civil Engineer in the Bureau of Public Works, Home Department, Tokio. 


THE theory of torsion has been, since the 
beginning of the last century, published 
Бу several elasticians, among whom 
Navier, Poisson, Cauchy, Saint-Venant, 
in France, and Wertheim, Grashof, Her- 
mann, Fóppl, Henneberg, Prandtl, Weber, 
in Germany, are the most prominent ; 
and since that time the torsional strength 
of materials, especially of cast iron, hard 
lead, and mild steel, has been tested in 
several countries. All these publications 
are valuable for solving this difficult but 
interesting problem. 

Torsion of concrete and reinforced 
concrete members has, however, until 
recently been left untouched, primarily 
because it is undoubtedly a very rare 
occurrence that torsional stresses arise 
in any parts of actual constructions. 
Torsion of concrete is a problem of less 
importance than its bending or compres- 
sion. Reinforced concrete  screw-piles 
have been recently used, and although 
these are exceptional cases of primary 
torsional stresses, yet we should not 
forget the occurrence of torsional stresses 
in nearly all constructional parts as secon- 
dary stresses, especially in such countries 
as Japan where earthquakes are frequent 
and severe. 

Former tests with respect to torsional 
strength of concrete, plain and геіп- 
forced, made in foreign countries are as 
follows : 

(1) Tests by Professor E. Mórsch 
(Stuttgart), 1903, with 8 test-pieces of 
circular section 26 cm. in diameter, of 
plain concrete and concrete reinforced 
with spirals. 

(2) Tests by Professor Mesnager (Paris), 
I903, with 2 test-pieces of circular sec- 
tion 10:7 cm. in diameter, longitudinally 
reinforced. 

(3) Tests by Professor C. Bach (Stutt- 
gart), 1911, with 37 test-pieces of circular 
section 40 cm. in diameter, quadratic 
section 30 by 30 cm. and rectangular 
section 42 by 21 cm., of plain concrete 
and concrete reinforced with longitudinal 
bers, longitudinal bars and rings, and 
longitudinal bars and spirals. 

(4) Tests by Professor A. Fóppl (Mün- 
chen), 1911, with 15 test-pieces of circular 


section Io cm. in diameter, of plain and 
longitudinally reinforced concrete. 

(5) Tests by Professor C. R. Young 
(Toronto), 1911, with 12 test-pieces of 
quadratic section 12:7 by 12:7 cm., and 
rectangular sections 12:7 by 19:05 and 
12:7 by 25:4 cm., of plain concrete and 
concrete reinforced with longitudinal 
bars, and also with longitudinal bars as 
well as spirals. 

(6) Tests by Professor O. Graf (Stutt- 
gart), 1921, with 17 test-pieces of circular 
section 40 cm. in diameter, of plain con- 
crete and concrete reinforced with longi- 
tudinal bars, rings, longitudinal bars and 
rings, and spirals. 


Tests. 


These experiments have drawn atten- 
tion to the subject, but they are far 
from being complete. It is theoretically 
proved that shearing stresses arise in 
cross section as well as longitudinal $ес- 
tion of a member which is subjected to 
torsion, and, as a result of these shearing 
stresses in two right-angle directions, 
principal tensile and compressive stresses 
occur in the direction of 45 deg. to 
the axis. In the case of mild steel the 
member is actually sheared off trans- 
versely, so that the torsional strength 
is the same as the shearing strength. 
But in case of such materials as cast 
iron and concrete, the tensile strength 
being less than the shearing strength, 
the torsional destruction occurs in direc- 
tions of 45 deg. to the axis, due to the 
principal tensile stresses. 

These statical relations justify the 
experimental facts from the former tests, 
such as that longitudinal bars or rings, 
when embedded alone in concrete, possess 
no influence upon torsional strength ; 
the combination of these two types of 
reinforcement increases the  torsional 
strength more or less above that of plain 
concrete; and the most effective rein- 
forcement for torsion is spiral, which is 
embedded in directions of 45 deg. in such 
a way that it is stressed in tension when 
subjected to torsion. 

The experiments undertaken by the 
author were designed to study (1) the 
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torsional strength of plain concrete; 
(2) a law governing distribution of shear- 
ing stress in a cross section ; (3) modulus 
of elasticity of concrete for shearing ; 
and (4) effects of spiral reinforcements 


CONCRETE 


enlarged rectangular heads, 40 by 40 cm. 
in section and 15 cm. in length, at both 
ends. 

The 78 reinforced concrete test-pieces 
were classified into ro groups, according 


Fig. 1. 


placed at different angles with the 
axis. 

The tests were planned and directed 
by the author and carried out in the 
laboratory of testing materials in the 
Home Department, Tokio, with the 


assistance of several colleagues. They 
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consisted of torsional tests with 16 plain 
concrete and 78 reinforced concrete circu- 
lar cylinders. 

Group 1.—Tensile tests of plain con- 
crete were made with 12 test-pieces, 
compressive and shearing tests with 6 
cylinders each.  Test-pieces for torsion 
(shown in Fig. І) are 1:5 m. in total 
length, and зо cm. in diameter in the 
middle cylindrical portion, provided with 
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to the type of reinforcement, аз fol- 
lows : 

Group 2.—8 pieces with 7 spirals which 
sustain an angle f — 45 deg. with the 
axis ; 

Group 3.—8 pieces with 5 spirals, where 
В = бо deg.; 


2. 


Group 4.—8 pieces with 9 spirals 
at an angle f = 30 deg. with the 
axis ; 

Group 5.—8 pieces with seven 45 dez- 
spirals as well as 10 longitudinal 
bars ; 

Group 6.—8 pieces with seven 45 de£- 
spirals as well as 18 rings ; 

Group 7.—8 pieces with five бо deg- 
spirals and то longitudinal bars ; 


ONAL 


Group 8.—8 pieces with nine 3o deg.- 
spirals and 18 rings ; 

Group 9.—8 pieces with то longitudinal 
bars as well as 18 rings ; 

Group 10.—8 pieces with 7 outer and 
5 inner 45 deg.-spirals ; 

Group 11.—6 pieces with the same 
double spiral reinforcement as Group 10 
and 6 longitudinal bars added to each 
spiral. 

All reinforcing bars were 6:35 mm. in 
nominal diameter. In order to compare 
easily the effectiveness of different types 
of reinforcement, the quantity of steel 
for a unit length of test-piece was taken 
equal or twice as much, except in Groups 
IO and її. Several reinforcements are 
shown in Fig. 2. 


Materials. 


The cement was a product of the 
Asano Portland Cement Co., to the official 
specifications of the Department of Agri- 
culture and Commerce. The following 
are some special aspects of this cement: 

Fineness.—Residue upon sieve of 9oo 
meshes per sq. cm., 0-002 per cent.; 
Do. upon sieve of 4,900 meshes per sq. 
cm., 1:602 per cent. 

Specific gravity.—3:077. 

Tensile strength.—With neat cement, 
64-6 kg. per sq. cm. at 7 days. With 
I:3 mortar, 24:3 kg. per sq. cm. at 7 
days; at 28 days, 30:9 kg. per sq. cm. 

Compressive strength.—With 1: 3 mor- 
tar, 268-5 kg. per sq. cm. at 28 days. 

The fine and coarse aggregates were 
clean and hard grained sand and gravel 
from the river Tama, and the results of 
their sieve analysis were as follows : 


RESIDUE UPON SIEVES. 
Mixed in 


Sieve Gravel Sand Ratio 1 : 2. 
1 in. — — — 
4 іп. 2:7 — 1:8 
lin 50-1 = 33:4 
Мо. 4 94-0 0:4 62:8 
8 100:0 3:6 67:9 
16 -- 21:0 73-3 
зо = 56:6 85:5 
5° m 79:7 93° 
100 -- 98-2 99:4 
Fineness 
modulus — -- 5:177 


All reinforcing bars were mild steel of 
the nominal diameter 6:35 cm. From 
tests it was proved that the average 
diameter was 6:42 cm. and the tensile 
strength 3,900 kg. per sq. cm. 


TORSIONAL STRENGTH OF REINFORCED СОХСКЕТЕ- 


Test-pieces and Testing Machines. 


Test-pieces for torsion were made in 
wooden forms (shown in Fig. 3), and those 
for tension, compression and shearing, 
in usual cast-iron forms. 

The concrete used was зоо kg. cement 
to 400 litres sand and 802 litres gravel. 
This proportion corresponds to 1:2:4 
mix, when the unit weight of the cement 
is taken as 1,500 kg. per cubic metre. 
The unit weight of the sand was about 
1,600 kg. per cubic metre, and that of the 
gravel about 1,650 kg. per cubic metre. 


Fig. 3. 


Measurement of all materials was by 
weight. 

The volume of a test-piece for torsion 
was about r40 litres, and the following 
materials were used for each test-piece : 
39:6 kg. cement, 84-5 kg. (52:8 litres) 
sand,173:6 Ер.(105:6 litres) gravel, and 26-8 
kg. water. Aggregates were weighed in 
perfectly dry condition. 

The water content corresponds to 9 
per cent. of all dry materials including 
cement, but sometimes it varied between 
9 and 9:5 per cent. according to weather. 
The consistency of the mix was measured 
by the slump test, and the results varied 
between 12:3 and 15:2 cm., the average 
being 13:5 cm., a cone 3o cm. in height 
being employed. 

The concrete was placed in the moulds 
in layers not thicker than 10 cm. All 
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test-pieces remained in the moulds for 
two days, with the top surface covered 
with wet straw matting, after which they 
were removed from the moulds and the 
cylindrical surface covered immediately 
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(2 Maximum torsional moment ; 

(3) Torsional angle measured at two 
points in the middle cylindrical portion 
of the piece and 50 cm. distant from each 
other. 


Fig. 4. 


with straw matting which was kept wet 
during total curing time (as shown in 
Fig. 4). On the seventh day the test-pieces 
were laid horizontally,and in this condition 
they remained until tested. Test-pieces 


Test-piece. 


For measurement of torsional angles 
two mirrors were fixed to the test-piece, 
and two telescopes and surveying instru- 
ments used. The angle 0 at any load 
condition could be found by the calcula- 


Scale 


TeleScope 
=— 


Fig. 5. 


were, with a few exceptions, tested at an 


age of 45 days. 


By torsional tests the following were 


observed : 
(1) Torsional 
crack ; 
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moment at the first 


tion of tan 20. Fig. 5 shows the arrange- 
ment of angle-measurement. 

The torsion machine was designed and 
manufactured specially for this purpose. 
It was provided with two cast-iron caps. 
square in section, for supporting both 
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heads of the test-piece. One of these 
caps was made so that it wouid slide 
parallel to the axis when loading and 
unloading, but was rigidly fixed when they 


TORSIONAL STRENGTH OF REINFORCED CONCRETE. 


constant and equal to до cm. The tor- 
sion machine is shown іп Fig. 6, anda rein- 
forced concrete test-piece under torsion 
in Fig. 7. 


were distorted. The other cap was 
rigidly connected to the machine shaft, 
and revolved with it. To this shaft was 
fixed a sector wheel, around which a wire 
rope of 12-7 cm. periphery ran over to 


Strength of Concrete. 


The concrete used for the tests had the 
following strength at 45 days: 

Compressive strength, 119 to 136 kg. 
per sq. cm., with an average of 128 kg. 


Fig. 7. 


a universal machine of 100,000 kg. 
capacity, so that the tractive force 
developed by the universal machine was 
transformed into the twisting force in the 
torsion machine, the sector wheel serving 
to keep an arm length of torsional moment 


per sq. cm.  Tensile strength, 9:3 to 15:7 
kg. per sq. cm., with an average of 12:4 
kg. per sq. cm. Shearing strength, 45:2 
to 65-9 kg. per sq. cm., with an average 
of 58-1 kg. рег sq. cm. 

From these results one can easily expect 
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that the torsional failure of concrete 
occurs in helical surfaces at an angle of 
45 deg. to the axis, due to the prin- 
cipal tensile stress, and not in transverse 
sections due to the shearing stress, and 
this expectation was realised in the 
experiments to be mentioned below. 


Tests with Plain Concrete. 


Four of the 16 plain concrete test- 
pieces were put under torsion, four were 
subjected to repetition of loading and 
unloading, and the remainder tested in the 
same manner as reinforced concrete pieces 


— 
1 


time with the first crack. Fig. 8 shows 
plain concrete pieces after being twisted 
off. 


Tests with Reinforced Specimens. 


The reinforced concrete test-pieces were 
classified into 3 classes, Class A comprising 
Groups 2 to 4; Class B, Groups 5 toy; 
and Class C, Groups ro and rr. 

In Class A the specimens were rein- 
forced with spirals at angles of 45 deg. 
бо deg., and 30 deg. respectively with the 
axis. The steel ratio was almost equal 
for all three classes. 

In Class B, the types of reinforcements 
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Fig. 8. 


by increasing the load slowly up to the 
maximum. The results of the principal 
tests with the remaining 12 pieces were 
as follows : 

(1) For constantly increasing load, 
the maximum torque M, — 120,860 cm. 
kg., for an average of 8 tests; (2) For 
repeated load, M, — 98,400 cm. kg., for 
an average of 4 tests. The results show 
the fatigue of concrete due to the repeated 
load. 

From tests with plain concrete it was 
recognised that the failure followed in a 
helical line running upon the cylindrical 
surface of the piece; and that the tor- 
sional moment at the first crack was a 
maximum; or, in other words, the 
failure occurred suddenly and at the same 
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were (1) spirals and longitudinal bars 
(2) spirals and rings, and (3) longitudinal 
bars and rings, and the steel ratio was 
taken twice that of Class A for all speci 
mens without regard to the different 
types of reinforcements. 

In Class C the reinforcements were 
double spirals, which served for сошрап- 
son of the effect of steel embedded ш 
different positions in cross section; the 
steel ratios were different from each 
other, as well as from those in Classe 
A and B. 

The following is the summary of the 
results of tests with these reinforced con- 
crete pieces, М, representing the torque 
at the first crack, and М, the maximum 
torque. 


TORSIONAL STRENGTH OF REINFORCED CONCRETE. 


| 
i 
No. of Steel ratio Torque at the first crack. Maximum Torque 
Class Group tests. M M. (cm. kg.)- mp. М (cm. kg.)- counp. 
— I 8 о 120,860 1-00 120,860 1-00 
А 2 8 0:709 141,600 1:17 191,900 1:59 
š 3 8 о:716 137,900 1:14 180,250 1:57 
4 8 0:745 131,309 1:09 177,850 1:47 
B 5 8 1:425 144,400 1:19 201,050 1:66 
6 8 1:418 159.850 1:32 209,850 1:74 
7 8 1:432 141,800 1:17 201,200 1:66 
8 8 1:454 151,950 1:26 208,600 1:73 
9 8 1:425 120,750 1-00 135.100 1:12 
С IO 8 1:217 149,000 1:23 249,850 2:27 
11 6 2:076 150,000 1:24 265,800 2:18 


From tests with reinforced concrete it 
was observed generally 

(1) The torque at the 
evidently greater than in case of plain 
concrete ; 

(2) The maximum torque was СОП- 
siderably greater than that at the first 
crack ; 

) The cracks ran, 45 in case of plain 
concrete, in helical lines which ascend at 
an angle of about 45 deg. ; 

(4) The first crack was SO fine that it 
could be recognised only by the most 
careful search, but sometimes it extended 
over the total periphery of the test-piece ; 

) With increased load the crack 
extended rapidly and a great many new 
cracks appeare н 

(6) In the neighbourhood of the maxi- 
rm um torque the cracks developed most 
rapidly and increased their width ; 
the 
load was not increased and 

y given stage ; 

(8) At the maximum torque some 
cracks opened further, for example, until 
the width was 3 mm. or more; in this 
case the remaining portion of the piece 
became less stressed, cracks running in 
decreasing width ; 

(о) At the maximum torque the resist- 
ance not exhausted ; 

( 10) Upon continuation of twist, the 
load descended gradually from its maxi- 
mum stage, even though the development 
cracks continued simultaneously, until 
the concrete lying outside the reinforce- 

ent became separated ; 

In no cases could reinforcing bars 
stressed up to the breaking strength. 
pt is evident, from the theoretical point 
«-1е\, that 45 deg. spiral reinforcement 
st be the most effective for increasing 
torsional strength of concrete, 45 it 


of 
mu 
the 


is able to resist directly the principal 
tension in a direction of 45 deg., and this 
may be observed from the results of the 
tests. At the sáme time it may 

reasoned that longitudinal bars or rings 
added to 45-deg. spirals must be redun- 
dant on the of statics, but as а 
matter of fact they can exert some influ- 
ences upon hindering twisting of the 

тесе. 

In comparing the test-pieces in Groups 
2 and 10, the surplus torque must be con- 
cluded as developed by inner spirals, and 
thus it was calculated from results of 
tests that the stresses in reinforcements 
vary in direct proportion to the distance 
from the axis. 

Figs. 9 to 1? show reinforced concrete 
test-pieces in Classes A to C after twist ; 
Fig. 9 represents those in Group 2, Class 
A; Fig. 10 those in Group 7» 
Fig. 11 those in Group I9. 
those in Group II, 1 

Тһе test-pieces 
examples of continued twist over the 
maximum torque, as a result of which 
the concrete outside the reinforcement 
became loose and dropped off as shown. 


Twisting Angles. 


The twisting angles were observed and 

calculated in the case of nearly all the plain 
i test-pieces, an 

the specific angles 0 (for I cm.) were 


the angle was observed due to the differ- 
ent types of reinforcements, and there 
seemed to be no material diminution of 
the angle in reinforced concrete іп com- 
parison with a plain concrete test-piece. 
From these results, and those of the 
former tests, it may be said that the 
reinforcement, irrespective of the type: 
has little influence on twisting angles. 
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Fig. 13 shows the relation between 
torques and specific twisting-angles in 
test-pieces Хо. 94 (Group 1, plain con- 
crete), No. 71 (Group 8, reinforced con- 
crete) and No. 70 (Group 11, reinforced 
concrete). 


Distribution of Shearing Stresses 
and Modulus of Elasticity. 


In the case of a perfectly elastic body, 
the shearing stress in circular cross sec- 
tion of a twisted piece is subjected to a 
uniform varying distribution, from nil 
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This supposition has been justified by 
results of former tests with steel and cas: 
iron. In the case of such brittle mater- 
ials as concrete or stone the stress vanes 
in a curve which may be assumed as à 
parabola. Thence 


On application of this last formula to 
the result of plain concrete, in which case 
the mean value of the maximum torques 
is 120,860 cm. kg., we have the followinz 


! 


NO 70 Z= 17 


Зэ. .-.. 


$ 40 roe 

E - 
| 

10 Бай 

0 (for fem in 10%) en 


Fig. 13. 


at the centre to a maximum at the cir- 
cumference, as represented by the follow- 
ing formula: 


where f, 15 a max. shearing stress inten- 
sity, M, torque, and 7 the radius of cross 
section. 

This formula may be applied to nearly 
all metals until the elastic limit of the 
material, but not beyond this limit, and 
in the neighbourhood of the failing point 
it is more reasonable to suppose that the 
shearing stress distributes uniformly upon 
every radius, thus 
3 М, 
huy 
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value of the maximum shearing stre: 
intensity : 
n 120,860 
^ 4a 15-007 


= 19:9 kg. sq. сп. 


On the other hand, from the assump: 
tion of parabolic stress distribution. wc 
get the following formula between Ёс 
modulus of elasticity, the torque, and the 
specific twisting angle: 


The following table is the result of 
calculation of the modulus of elasticitv 
in the case of these tests by means © 
the above formula. 


|-д 
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TORSIONAL STRE 


Spec. twist. Mod. of 
Loading staRe - angle. elasticity- 

M! (ст. kg.) fs (Кё-/54 cm.) (10-% G (КЕ. / $9. cm.) 
20,000 33 I° 146,900 А 
40,000 6:6 31 142,100 
60,000 9°9 49 136.509 
$0000 133 6:8 130,600 

100,000 16-6 9:0 122,400 
Thus the modulus of elasticity of con- 

crete 15 not constant but decreases as the 
stress intensity increases, as has usually 
been observed in the former German 
tests. 

Conclusions. 


From the results of the tests the follow- 


be conc 


y ; 
1) The failure of plain as well 


g. 
(2) Among the pieces in Gro 
where an equal steel ratio is adopted, 


(3) зо deg. 


least effective, 
between these two. 


or rings added 


NGTH OF REINFORCED CONCRETE. 


total action of spirals and longitudinal 


bars or rings in each type of reinforce- 
ment is not remarkably different, whilst 


those in Groups d 8, where rings are 
employed, are a little greater than in 


others. 
(8) Combination of longitudinal bars 
and rings cannot develop any material 


n torsional resistance. 
the 


pieces in Group 19, here double 45 deg. 
spirals are embedded, is the greatest, 
although the steel ratio 18 less than in 


Groups 5 to 8. 

(то) The torsional resistance of the 
pieces in where longitudinal 
the double spirals, is 
still higher than that in Group 10. 

The sole demerit in these pieces 


is that the inner spirals cannot be stressed 
the stress in 


as highly 45 the outer ones, 
steel varying in direct proportion to the 


distance from the axis. 
1 value of the 


the resistance of concrete against 
1 that of the core of a 


d up to its breaking point ; 


4) Longitudinal bars ing 

to 45 deg spirals are able to increase thus the twist 

more or less the torsional resistance, crete and partly by steel. 

although their statical action cannot be 13) For members subjected to both 

calculated. compression and torsion, 85 in the case 
of reinforced concrete screw piles, such 


In this case 


5 to 8, 


reinforcement as in Groups 5 OF 7 is to 


pure torsion, 
Groups 2, 19 and II should be recom- 
mended in the first place, and that in 


(7) Among the pieces in Groups 
where an equal steel ratio 15 adopted, the Groups © or 8 in 
ee 


Pris totalling £1,000 are offe 


Æo., Ltd., for designs for two types of all- 


the other costing £7 50). 
Ж оте Exhibition at Olympia. 
€< ncrete Houses Competition, 


Full particulars may be obtained 


Concrete House Competition. 


red by the Portland Cement Selling 
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REINFORCED BRIDGE IN PARIS. 


First Reinforced Concrete Bridge across the 
Seine in Paris. 


CONSTRUCTIONAL operations on the first reinforced concrete bridge to be built 
in Paris are expected to be completed this year. This bridge, known as the 
Pont de la Tournelle, takes the place of a bridge built in 1654, the numerous 
piers and short-span arches of which were not only a hindrance to navigation 
but were in some measure responsible for the frequent flooding of the city above | 
the bridge due to the piers diminishing the discharge of water in time of flood. 

The new bridge crosses the river in one span of 242 ft. between abutments 
each 82 ft. long. The arch and abutments are entirely in reinforced concrete. 

The river span consists ol three ribs, each 21 ft. wide spaced 7 ft. 4 in. apart, 
on which the deck slab is carried by square columns. 

A method of construction, devised by M. Freyssinet, and used by him in 
the construction of the Villeneuve-sur-Lot and St. Pierre de Vauvray bridges 
was used by the designers of this bridge, MM. Lang & Deval, Ingénieurs des 
Ponts et Chaussées. In this method each rib is cast in two half sections, and 
the shuttering for the first rib used for the other ribs. The usual method of 
lowering the forms below the arches is departed from, and the arches are lifted 
above the framework. 

For this purpose each rib is constructed in two independent sections separated 
by a narrow space at the crown, and in this space are placed hydraulic jacks, 
acting horizontally, which slightly push apart the two half-arches. The hori- 
zontal pressure also slightly lifts the end of the ribs, thus raising them out of 
the formwork. The gap at the crown of the arch is filled with reinforced con- 
crete slabs coated with grout, which act as keys to the arches when the pressure 
is released and the joint allowed to close. 
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Elevation. 


Pont de la Tournelle, Paris : 
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ss the pressure existing at the crown of the arch may be tested, 
the jacks which separate the half-arches. In this 
Moreover, it may be ascertained whether the 
| If the neutral axis is altered through 
y be re-established according 


In this proce 
as it is the force exerted by 


shape of the arch is according to 


to the design by the hydraulic jacks. 
| | 'eurdre Bridge, whose arches are 


free space at the crown was not filled in with 


duced. The adoption of this device enabled 


concrete, metal plates being intro 
bridge had been opened 


the shape of the arch to 
to traffic. Meanwhile contraction of the concrete had taken place, and this had 
Hydraulic jacks were reinserted 


produced a Sag at the crown of about 4 ОГ 5 in. 
and the two half-arches were separated again without interruption of traffic 


over the bridge. As the space between the half-arches was increased metal 


plates were introduced and levels taken, and when the level, accor 
e lining between the two sections 


as previous У established, had been reached, th 

of the arch was complete Since then, the shape 
of the arch has not changed. 
may be corrected during OT after 
notes and photographs (the beginning © 
Pont de la Tournelle had bee 


d and filled in with concrete. - 
By this process alteration in the shape of an arch 


its construction. At the time of receiving these 
( October) the first two arches of the 


n successfully completed. 
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NEW АЕКОРГАХЕ SHEDS NEAR TOULON. 


New Aeroplane Sheds near Toulon. 


Two reinforced concrete sheds of considerable interest have just been completed 
at Polyvestre, the seaboard centre of aviation near Toulon. These sheds were 
required to provide an unobstructed floor area of 180 ft. wide and 197 ft. long, 
with a headroom of 49 ft. and doorway openings equal to the full width of the 
shed. The tender submitted by the Société d'Entreprises Limousin was accepted 
on a design prepared on the Freyssinet system. 

This design consists of a thin reinforced concrete vault supported by a number 
of arched lattice girders, also in reinforced concrete, spanning the full width of 
the shed. Generally the diagonal members of such girders work some in com- 
pression and some in tension, but in this case, owing to the large span of the 
girders, the compression members would have been very long, some 26 ft. to 
30 ft., and consequently of large cross-section to resist buckling. 

To obviate this disadvantage M. Freyssinet has provided a camber to the 
bottom tie of each arch and so arranged the method of construction that all the 
diagonal members are in tension and therefore of small cross-section, as may 
be seen in the accompanying photographs. 

The tie-bars were arranged to be in single lengths and securely anchored 
into the springings of the arch, which is considered as being of the two hinged 
type. Actually the ties are in the shape of a link polygon, but to form them in 
the first instance to this shape would have required a rather complicated system 
of shuttering. In order to simplifv the method of construction as much as 
possible the roof was constructed in panels, each panel being of such proportions 
as to be perfectly stab'e under its own weight, consisting of a portion of the 
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NEW АЕКОРГАХЕ SHEDS NEAR TOULON. 


Interior View. 


vault together with its supporting arch rib and tie rods, which were left uncon- 
creted but supported in a horizontal position. 

Jacks were then introduced under the ties at points where the diagonal 
members were required to intersect. The jacks being simultaneously operated 
the tie-bars were then raised at these points to their required elevations, thus 
forming the necessary camber. Naturally this operation increased the tensile 
stresses in the tie-rods and produced in the arch rib additional compressions 
and an elastic deformation in the opposite sense to that due to its own weight. 
These stresses and deflections had been allowed for in the design, which was 
prepared with a view to this method of construction. 

Next the steel rods required in the diagonals were placed in position and 
anchored securely to the arch rib and tie-bars, this part of the work being com- 
pleted with the concreting up of these members and finally the removal of the 
jacks. The tendency for the cambered tie to straighten out due to the thrust 
of the arches at the springings is calculated to be sufficient to put the diagonals 
in tension and to counterbalance completely all stresses due to compression. 
The concrete surrounding the tie-rods and diagonals thus serves merely to protect 
the steel from corrosion and to ensure good anchorage at the joints. 

In carrying out the work the arches were given an initial camber of 2 in. 
in excess of the final rise required in the finished span when the centering was 
removed, the final camber to the ties at mid span being 271 in. Under these 
conditions it was possible to construct the vault spanning between the panels 
of no more than 2j in. in thickness, whilst the arch rib constituting the top member 
of each girder is only 16 in. thick. 
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ARCHITECTURAL DETAIL CAST 


ІМ SHUTTERING. (CONCRETE 


Architectural Detail Cast in Shuttering. 


IN the construction of the reinforced 
concrete garage illustrated below an 
interesting departure was made in the 
method of forming the architectural 
features on the front elevation, the whole 
of which was cast by the main shuttering. 
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rubbing down the whole of the front 
with carborundum was £11. The cost oí 
adding natural ог cast stone detail would 
undoubtedly have been far in excess c! 
this sum. 

Thegarageisat Swansea. Messrs. Hubert 
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Concrete Garage Front at Swansea : Architectural Detail Cast in Main Shuttering. 


We are informed that the total cost 
of supplying the extra moulds and fixing 
them in the shuttering, planing, sizing 
and oiling the shutters, and using a 
slightly richer mix than usual, was only 
132 145. The cost of cleaning and 


High Strengths 


Rogers & Ward, of Swansea, are the arch- 
tects; the designers for the reinforced con- 
crete, who were also responsible for de- 
vising the moulds and shuttering. are 
Messrs. А. G. Thompson and D. Mano!- 
poulos, of Gower Chambers, Swansea. 


with Wet Mixes. 


A SERIES of tests has been carried out by the Building Dept. of the City of Detroit 
to determine the strength of very wet mixes as actually used for the laying of a large 


garage floor. 


The consistency of the concrete was such as to give a slump of 8 inches. 


The average strength of six specimens, mixed 1:2:4, was found to be 3,628 lbs. 
рег sq.in.at 28 days in the case of Super-Cement and 1,989 lbs. per sq. in. in the case 


of ordinary American Portland cement. 
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PLASTIC YIELD AND SHRINKAGE OF CONCRETE, 


Effect on Design of Plastic Yield and 
Shrinkage of Concrete. 


THE Institution of Civil Engineers has 
considered it advisable to give a fuller 
abstract of the paper entitled “ Plas- 
tic Yield, Shrinkage, and other Pro- 
blems of Concrete and their Effect on 
Design," by Dr. Oscar Faber, О.В.Е., 
D.Sc., M.Inst.C.E., which is to be 
brought forward for discussion at the 
Institution. This longer abstract is as 
follows :— 

The author shows that :— 

(1r) Structures of reinforced concrete 
with stresses inside those allowed in good 
practice continue to deflect without 
change of load or temperature, a result 
due partly to shrinkage and partly to 
plastic vield. 

(2) Consequently the absence of per- 
manent set or deflection must not be in- 
sisted on as a necessarv criterion of safety 
where the test involves an appreciable 
time-element. 

(3) This yield and shrinkage produce 
a large though gradual redistribution of 
stress between the steel and the concrete 
in a reinforced concrete structure, of such 
a nature generally as to relieve the con- 
crete and add to the steel stress. Com- 
pression steel in columns loaded at 4 
weeks may, at the end of a year, be 
stressed to 21,500 lb. рег sq. in. when 
the concrete is only stressed to 389 lb. 
per sq. in. (a result many times greater 
than figures as normally calculated), and 
if loaded earlier or left loaded longer the 
stress may reach higher values still, and 
may indeed reach the yield point. 

(4) Present regulations, which take no 
account of these matters, leave much 
to be desired. 

(5) The deflection of reinforced con- 
crete beams, while only about six-tenths 
of the calculated deflection when the load 
is first applied, may amount to about 
six-tenths more than the calculated deflec- 
tion after about 6 months, the final 
deflection then being about 24 times the 
original and still increasing. 

(6) When the load is removed, only 
the initial elastic deflection disappears, 
the deflection due to shrinkage and plastic 
yield remaining as a permanent set. 

(7) Reinforced concrete structures 
when properly designed, аге not 
dangerous by reason of these phenomena, 
but special care is necessary in binding 


compression steel, whether in beams or 
columns. 

(8) The modulus of elasticity is much 
greater than that specified in most 
regulations, but yield and shrinkage in 
some cases produce results similar to 
those obtained with a very low modulus. 

References are given to literature, 
mostly American, showing actual deforma- 
tions on structures over long periods. 
Deformations at the end of a year or 
two amounted to five or six times the 
deformation when the load was first 
applied. Concrete slabs designed for 
300 lb. per sq. ft. deflected # in. in 3 years, 
though standing without applied load. 

The values of shrinkage in concrete 
given by various authorities are shown 
to agree in the main with the author's 
values, namely : 


1 week. 0:00008 
2 weeks 0-0002 
о 0:00025 
4 ow 0-00029 
12: 28 0:0004 
20 ,, 0:00045 
52 ,, 0:0005 


These figures may seem small, but they 
must be compared with deformations due 
to other causes :— 

Shrinkage of concrete, 

Strain in steel stressed to 15,000 Ib. 

per sq. in., 

Expansion of steel or concrete due to 
91° F. change of temperature 

Strain in concrete having E = 4,000,000 
Ib. per sq. in., stressed to 2,000 lb. 
per sq. in., 

Strain in concrete having E = 2,000,000 
lb. рег sq. in., stressed to 1,000 Ib. 
per sq. in. 

In each of these cases the deformation is 
0-0005. 


Experiments. 


Four test-beams were made of rein- 
forced concrete 15 ft. by 5 in. by 2 іп., 
reinforced in tension only, so loaded that 
beam no. I was stressed to 676 lb. per 
sq. in. in the concrete and 13,750 lb. 
per sq. in. in the steel, beam no. 4 to 
approximately 23 times these stresses, 
and beams nos. 2 and 3 intermediately. 
The load was applied at the age of 4 
weeks, and it was found that the detlec- 
tion, instead of remaining constant, in- 


657 


PLASTIC YIELD AND SHRINKAGE OF CONCRETE. 


creased from 0-3 in. to 0-82 in. in beam 
no. I, from 0:5 in. to 1:32 in. in beam 
no. 4 (and beams nos. 2 and 3 proportion- 
ately) in a period of about 30 weeks. 
The increase was comparatively rapid at 
first but slow after the age of 14 weeks. 

It is shown that plastic yield and 
shrinkage afford necessary and sufficient 
explanation of the results. Shrinkage 
which would not produce deflection in 
a homogeneous beam will do so in beams 
in the special condition of reinforced 
concrete. 

Extensometers were fixed to the top 
and bottom of the beams. The shorten- 
ing of the top flange is shown to consist 
of :— 

(1) Elastic strain proportional to the 
stress divided by a Young's modulus 
of 4,000,000 lb. per sq. in. (actually 
measured). 

(2) Plastic yield proportional to the 
stress and amounting to approximately 
twice the elastic strain previously 
given. 

(3) A shrinkage independent of stress, 
of which 0-0002 occurred between 4 and 
36 weeks, and о:00029 occurred between 
o and 4 weeks. 

The total shortening of the top flange 
is about six times the shortening due to 
elastic stress in the case of beams stressed 
to 600 lb. per sq. in., a figure in good 
agreement with the American tests 
previously referred to. 

Two further beams, nos. 5 and 6, con- 
taining compression steel were then 
studied. These are also analysed with 
the help of extensometers, and the stress 
on the compression steel in beam no. 6, 
which was 3,553 lb. per sq. in. on first 
loading, increased to 15,253 lb. per sq. 


‘ФФУ 


in. in about 20 weeks, after shrinkage 
and yield had occurred, and it continued 
to increase. No buckling of the com- 
pression rods occurred, although no 
stirrups were used. 

The phenomena studied transfer from 
the concrete to the compression steel a 
large part of the total compression, which 
relieves the 'concrete of stress and so 
reduces the plastic yield as compared 
with beams not reinforced in compression. 
Compression reinforcement, therefore, is 
useful. 

Beam no. 4 was wetted at зо weeks. 
This showed that the shrinkage which 
produced part of the deflection is chiefly 
irreversible, and only reversible to the 
slight extent that would follow from the 
alternate wetting and drying of an inert 
material such as porous brick. 

The point load was removed from beam 


"по. 3 at the age of зо weeks, and the 


reduction in deflection corresponded to 
that produced by the elastic strain onlv, 
the larger components due to shrinkage 
and plastic yield remaining as a per 
manent set. 

Tests were made on shrinkage of mor- 
tars. Rapid hardening cement shrinks 
more than twice as rapidly as ordinary 
cement in the early stages, but at the 
age of 28 days the total shrinkage is 
substantially the same. This confirms 
the author's view that the shrinkage is 
due chiefly to the irreversible changes 
accompanying hardening and only slightly 
to drying out reversibly. | 

Application of the author's formulas, 
which allow for shrinkage and plastic 
yield, to a concrete column то in. square 
with 1 per cent. of steel, loaded with 
60,000 lb., gives the following results :— 


STREssES: LB. PER SQ. IN 
Due to Shrinkage. Due to Load. | Total Stresses. 

Age. Load. —— — - --|---- 5 
Concrete. | Steel. Concrete. Steel. Concrete. | Steel. 

Weeks. Lb 
(a) 4 o -- 674 6,750 (el о E \ — 67} 6,750 
= ( (elastic (elastic А 
(b) 4 60,000 674 6,750 | 564 4,230 | 496 10,980 
(c) 52 60,000 -- 104 10,400 493 11,100 389 21.500 
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PLASTIC YIELD AND SHRINKAGE OF CONCRETE. 


The following table is a comparison with stresses as ordinarily calculated :— 


STRESSES: LB. PER So. IN. 


Formulas. | 
le xcci e 
Concrete Steel. | Concrete. 
(a) —67 6,750 | o 
(b) 496 10,980 | 525 
(c) 389 21,500 | 525 


If the load is applied earlier and left 
longer, the steel stress may, in about 
I2 years, reach 29,150 lb. per sq. in. or 
even more, and the stress may eventually 
reach the yield point under certain 
conditions. 

These figures are entirely consistent 
with actual measurements on American 
buildings previously referred to. 

Beams Reinforced in Tension only. 
— The shrinkage of beams, of which the 
ends can move without restraint, has 
little effect on stress, as the unequal 
shortening of the top and bottom can 
relieve itself by deflection. Plastic yield, 
however, virtually increases the modular 
ratio from m to mh where А is the 
“ plasticity factor." Taking the latter 
between 4 and 52 weeks as 3, the effect 
is as if m were increased from 74 to 224. 
This has the effect of lowering the neutral 
axis, reducing the concrete stress by 
approximately зо per cent., and increasing 
the steel stress by about 7 per cent. 

Beams with Compression Rein- 
forcement.—These can be treated as 
regards the compression reinforcement 
very much as concrete columns. Shrink- 
age and plastic yield produce a high stress 
on the steel (it may be many times the 
value normally calculated) and corre- 
spondingly relieve the concrete. 

Young's Modulus for Concrete.— 
It is shown that this needs further 
definition. Taking it as the average 
slope of the stress-strain curve with so 
short a time under stress that no appreci- 
able part of the shrinkage or plastic yield 
is measured, it has a value of about 


As Ordinarily Calculated. 
ЭСРЭГ MC --- Le 2 КЕ 
m= 15 т = 755 
Steel. Concrete. | Steel. 
| 
о о | о 

7,900 564 | 4,230 
7,900 | 4,230 


4,000,000 lb. per sq. in. for the concrete 
used in the tests. In general, Young's 
modulus is found to vary directly with 
the cube strength of the concrete accord- 
ing to the formula E — cube strength x 
1,000. If, however, the strength of con- 
crete is measured on cylinders having a 
height equal to twice the diameter, a 
lower figure is obtained, so that ap- 
proximately E = cylinder strength x 
1,430. 

Stones and timber also are subject to 
shrinkage and plastic vield. 

The Setting and Hardening of 
Cement.—The colloidal conception of 
the constitution of concrete and the 
known properties of inorganic colloids 
adequately account for all the observed 
properties in connection with the shrink- 
age, hardening, and plastic yielding of 
concrete. 

The Safety of Reinforced Concrete. 
—Apart from the high compressive stress 
in longitudinal compression steel, which 
calls for greater care in the provision 
against buckling, there 18 no reason to 
suppose that reinforced-concrete struc- 
tures are less safe than has hitherto been 
supposed. Nevertheless the ultimate 
deflections must be expected to be much 
greater than those indicated by short- 
time tests and will increase over long 
periods. 

Conclusion.—The analyses given are 
in general terms, but in the examples 
definite values of the plasticity factor 
have been adopted, based on the tests. 
The author recognises that more research 
on thesa values is desirable. 

s 
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REINFORCED СОХСКЕТЕ COOLING TOWERS. 


(See ф. 661.) 


Reinforced Concrete Cooling Towers at Johannesburg. 
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REINFORCED CONCRETE COOLING TOWERS. 


Reinforced Concrete Cooling Towers at 
Johannesburg. 


THE battery of cooling towers illustrated 
has recently been constructed at the 
Municipal Electric Power Station, Johan- 
nesburg. They are erected on a founda- 
tion of clay forming part of an old river 
bed, and at the time of their construction 
were believed to be the largest single 
structures of their kind. 

The three towers have a total height of 
125 ft. and a diameter of 45 ft., supported 
on columns and standing in a cooling 
pond 175 ft. long by 53 ft. wide, with an 
av erage “depth of 3 to 4 ft. The cylin- 
drical portion is rio ft. in height and 
supported upon 18 columns. Each 
column is 16 ft. high and 20 in. square, 
and they are tied together at the top 
(immediately below the cylindrical рог- 
tions of the towers) by a circular beam 
having a depth of 20 in. and a width of 
15 in. This serves to tie the supporting 
columns and carries the meshwork of 
beams supporting the filling and forms 
the springing point for the walls of the 
tower proper. These walls, which are 
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7 in. thick, are not braced in any way. 
They are heavily reinforced with indented 
steel bars and are designed to be self- 
supporting. 

The main load of the towers, and the 
bending moment induced by wind pres- 
sure, are taken care of and supported 
by the 18 columns upon the outer peri- 
phery. The centre hexagonal column 
serves to support the timber filling which 
breaks up the water, and is supported 
by a single pyramidal foundation uncon- 
nected with the main foundation. 

The foundations which form the main 
bases of support of the columns carrying 
the inner tower proper, are in the form 
of a hollow ring, 12 in. thick, from which 


rise pyramidal bases to each of the 
exterior columns. This forms, in fact, 
a continuous beam of a ring shape 


and has been designed to give a load 
to the ground of 4,000 lbs. per square 
foot. 

The whole of the reinforced concrete 
work was mixed in machine mixers in 
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Work at level of Circular Beam, showing “0” frames for Lifting Centering 
being fixed in position. 
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Second Tower during Construction. 
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Nearing the Top of one of the Towers, showing arrangement of moving forms. 


the proportion of 4 parts j-in, stone to 
2 parts sand and 1 part Portland cement. 
The towers were constructed singly. 
When the work had reached the level 
of the circular beam connecting the tops 
of the columns, the jacks for the lifting 
centering were assembled. These were 
constructed of steel plates and angles 
in the form of a U frame, which held a 
heavy hollow screw 2} in. in diameter 
capable of being raised or lowered and 
fitted with a hexagonal nut. A steel 
bar of 13-11. diameter was placed through 
the hollow screw and clamped under- 
neath the screw-bottom by means of 
clamps and set screws. The nut on the 
jack-screw was held underneath the top 
member of the frame so that when the 
screw was rotated the frame was lifted 
up, the steel bars forming the support 
during the period when the concrete was 
wet. Eighteen jacks were used, one over 
each column. They were connected to 
each other by angle-iron chords bolted 
to the U frames. These chords held the 
centering, which consisted of strips of 
jarrah timber approximately 2} in. wide 
and 4 ft. long. To serve as a gangway a 
walk of timber was supported on the 


jack frames by means of angle-iron 
brackets projecting from the frames and 
bolted to them. 

When the jacks had been erected and 
trued, the work of concreting the cylinder 
portion of the tower commenced, and 
was carried on during all weathers and 
throughout the 24 hours. The 24 hours 
were split into three periods of 8 hours 
each and in each 8-hour shift one gang 
was employed on the concreting only, 
working round the circle and followed 
by another gang screwing up the jacks. 
The work was kept continuous so that 
fresh concrete was always being placed 
while the centering was continually 
moving upwards. 

Readings of the maximum and mini- 
mum shade temperatures were kept 
throughout the work, and it was found 
that the highest shade temperature exper- 
1епсе4 was 87 degrees while the lowest 
temperature was 29 degrees. Several 
heavy thunderstorms accompanied by 
severe electrical disturbance occurred 
during the progress of the work, but on 
no occasion did the work cease, and it is 
interesting to know that although the 
foundation soil consisted of yellow clay 
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Base of Tower. 


no cracks have occurred in the columns, 
towers, or tanks during the three years 
since the towers were constructed. 

The warm water from the condensers 
is led into the towers by means of steel 
piping at a level approximately 42 ft. 
above the tank bottom where it is 
distributed into timber troughs over the 
whole inside area. These troughs spray 
the water over diamond-shaped strips of 
wood which still further break up the 
drops of water. The descending water 
meets the incoming air induced by the 
draught of the towers, and it is cooled 
and falls into the tank from whence it 
circulates back to the condensers. In 
order to prevent back-draught and to 
take advantage of whatever direction 
the wind is blowing from, concrete baffle 
walls—six in number—were constructed 
spanning between the exterior ring of 
columns and the centre hexagonal column. 
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These baffle walls consist of pre-cast 
concrete slabs fitted and grouted into 
position in chases formed in the columns. 
The total weight of each tower, with the 
filling, is approximately ооо tons and the 
wind pressure on each tower, which was 
taken as 30 lbs. per square foot of surface, 
is 78 tons in all. 

With the exception of the reinforce- 
ment, which consisted of indented stee! 
bars, the whole of the material used in 
the construction of the towers was manu- 
factured in Africa. The designs were 
prepared in Johannesburg by the Con- 
crete Engineering Co. (South Africa’, 
Ltd., under the consulting engineers, Mr. 
G. M. Clark and Partner, and the work 
was carried out by а Johannesburg 
builder, Mr. James Thompson. Wear 
indebted for these particulars to the 
Indented Bar and Concrete Engineering 
Co., Ltd., of London. 


REINFORCED СОМСКЕТЕ TRANSMISSION POLES. 


Reinforced Concrete Transmission Poles. 


Ir was announced last month that it 
had been decided to use steel poles or 
towers, for carrying the high-tension 
electrical distribution lines in connection 
with the Scottish scheme of the Central 
Electricity Board. The Board is pre- 
paring schemes to cover the whole of 
Great Britain, but so far only the Scot- 
tish and South East England schemes 
have been published. These schemes 
wil entail the erection of hundreds of 
thousands of transmission poles, for it 
has been decided that distribution is to 
be by overhead lines. 

We understand that this decision to 
use steel towers so far applies to the 
Scottish. scheme only, and only to the 
high-tension transmission lines. These 
high-tension transmission lines in the 
Scottish. scheme have a total length of 
about 220 miles, but the local distribution 
at low-tension will certainly account for 
a much greater mileage for which we 
understand the type of pole has not yet 
been decided upon. 

There would thus seem to be an oppor- 
tunity for the extensive installation of 
reforced concrete transmission poles in 
this country, which has always been 
far behind Continental and certain other 
foreign countries in the use of reinforced 
concrete transmission poles or towers. 

For the schemes of the Central Elec- 
tricity Board, the poles would vary in 
height from 35 ft. to 62 ft. according to the 
span, which varies from 500 ft. for 35-ft. 
poles, 700 ft. for 42-ft. poles, goo ft. for 
57-ft. poles, to 1,100 ft. for 62-ft. poles, 
for high-tension transmission. For low- 
tension transmission the poles would be 
30 ft. high for 300-ft. spans and 35 ft. 
high for 400-ft. spans. The pressure of 
the foundation should not exceed 30 lbs. 
per square inch. For the longer spans 
double poles with the conductors carried 
on a connecting beam at the top would 
probably be necessary, owing to the great 
weight of a single pole 60 ft. in height of 
sufficient strength to carry the loads. 

In a recent number of the “ Electrical 
Review," Mr. Theodore Rich says : 

'" It is somewhat strange that іп 
Great Britain, a country practically 
devoid of timber suitable for use as 
telegraph and power line poles, wood poles 
should be the rule; and that in France, 
Germany, and to a lesser extent in 
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Austria and Switzerland, where forests 
abound, so many reinforced concrete 
poles are to be seen. Араг! from a cer- 
tain number of signal poles which are 
to be found on our railways, the use of 
reinforced concrete for such purposes is 
practically unknown with us, whereas 
on the Continent, but apparently not 
in America, such construction has made 
great strides for power line work. In 
addition to its general neatness, rein- 
forced concrete, when well made, has 
the advantage of being permanent, where- 
as wood is subject to continual depre- 
ciation, and steel supports, whether 
sectional, tubular, or of lattice work, 
require periodical painting. 

“ About the first to construct rein- 
forced concrete poles was M. Delamarche, 
of Grenoble, who in 1901 erected a line 
between two cement works in which he 
was interested, and from that time on- 
wards the use of concrete poles has 
expanded in France, other countries 
following suit. The sections used are 
very varied : (a) Hexagon with a circular 
hollow, vertically ; (b) oblong box shape ; 
and (c) rectangular, with horizontal 
cylindrical openings. These three types 
were developed by M. Delamarche. A 
pole of the type (c) is fitted with a 
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transmission line on the right side and 
distribution wires on the left. The 
designs of this engineer are now used 
by the “ Conduites et Potaux ” Company, 
of Grenoble. The brackets are double 
in this case, being gripped with bolts on 
each side. Other types are of a plain 
H section, an H section lightened with 
windows, a bulb rail section with ribs 
forming honeycomb, a square section 
hollowed out with windows, and a section 
made with four rectangular corner posts 
braced with horizontals. 

"In Italy Sweden and Germany 
centrifugal-cast poles have a considerable 
popularity. In France, before the war, 
reinforced concrete posts were usually 
made to the specification then customary 
for building work ; they were, as а rule, 
heavy, and were used primarily for com- 
paratively heavy trunk lines at 15,000 
to 45,000 volts. Owing to their weight 
they were hardly suitable for rural h.p. 
distribution lines where first cost was an 
important consideration. Some of those 
who were in France between 1014 and 
I9I9 may remember the heavy ferro- 
concrete poles stretching towards Doul- 
lens and Amiens from Arras, shattered 
in many cases by shell fire, and the com- 
mencement of a line from Abbeville 
towards Tréport. In the south and 
east of France considerable developments 
took place during the war in the use of 
concrete, especially for main transmission 
lines in the Grenoble area. The height 
varied up to about 48 ft. 

“ Since the war there has been con- 
tinuous progress regarding the use of 
concrete for semi-distribution and distri- 
bution lines, and supports of various 
types can be seen in almost all parts of 
the country. Аза rule, when there is а 
contract for so many miles of concrete 
poles, space is hired at some convenient 
point where ballast is obtainable; the 
poles are made on the ground in the open 
air and carried to their destination by 
lorries and trailers. After the war a 
demand for power sprang up all over the 
country, and a number of rural lines 
were rushed up with untreated forest 
poles, some of which have deteriorated 
with great rapidity. 

“А demand has sprung up for concrete 
poles which are lighter in weight and 
therefore more handy for erection than 
earlier types, which can compete in first 
cost with good-class wood poles; these 
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66,000-volt Steel-and-Concrete Angle Pole. 


have the added advantage of permanency, 
and therefore can be used for general 
rural h.p. distribution work. To meet 
this demand a type of pole, known as the 
'Sanca, has been developed; it в 
made by the Société des Applications 
Nouvelles du Ciment Armé, of Pans. 
It is made of high-tensile cement, the 
reinforcement being of high-tensile steel, 
so that the weight is cut down, while to 
aid transport, a matter of special impor- 
tance where poles have to be man- 
handled for cross-country lines, it в 
made in two parts. 

“ Up to recently a number of attempts 
have been made to construct a satisfactory 
sectional reinforced concrete pole, but 
without technical or commercial success. 
M. Allard, engineer of the above company. 
got over the difficulty in a simple man- 
ner: the pole is made in two parts, the 
section of it being that of an H. The 
two halves are joined by means of two 
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heavy galvanised fishplates placed flat 
against the flanges. Bushes are let into 
the concrete and cast to gauge ; with the 
aid of six fitting bolts passing through the 
fishplates, three above and three below, a 
joint is made between the two halves. 
The result is that we get a pole which in 
the ordinary way is cast indoors on fac- 
tory lines by labour accustomed to the 
job. The two lengths can be shipped 
in ordinary Continental railway trucks, 
not troublesome timber trucks, and they 
can be unloaded into a lorry without a 
crane and man-handled across a field, 
if required, without difficulty. Taking, 
for example, a pole (32 ft. 9 in.) long, for 
a normal cross loading of доо lb., the 
upper part weighs about 4 cwt. and the 
lower about 5 cwt. In the case of a 
pole 36 ft. long for the same loading, the 
upper part weighs about 4} cwt., the 
lower part being about 6$ cwt. А con- 
nection is made to the armouring below 
for an earth plate, if desired, and the 
connection is continued by the steel 
fishplate. The bolt holes for the insulator 
brackets are bushed, and these are con- 
nected up in turn to the armouring. 
Two poles can be bolted together to form 
a stiff arrangement for angles; they are 
also used to form ‘A’ poles. When 
not too heavy, an ingenious arrangement 
can be used for erection. The butt of the 
lower section, with the fishplates bolted 
on, is dropped into the hole, which is 
stepped, the top sloping sideways; the 
lower end is lifted up and the top bolt 
pushed through the fishplates and pole. 
Using the top of the post asa prop, and 
pushing forward, the lower part is brought 
to a vertical position and then rammed. Іп 
the ordinary way a special spar is provided, 
fixed by a sort of clip, but in the absence 
of the special appliance, a temporary 
spar may be tied on to the base of the 
upper part, and by means of a rope 
the upper part is pulled round with the 
top bolt through the fishplates as a hinge. 
When it is vertical, a man shins up the 
pole and drivesin the remaining two bolts 
and tightensup. Asmallgap remains be- 
tween the upper and lower parts ; to make 
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the connection absolutely rigid, two short 
iron wedges are driven into the little gap, 
and a touch of cement finishes the job. 

“ Concrete posts have been tried out 
abroad for a number of years; their use 
has grown so much that a standard 
specification has been drawn up by the 
French Union of Electrical Associations. 
Owing to our climatic conditions, there 
must be many openings for their use at 
home." 
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66,000-volt Steel-and-Concrete Line Pole. 
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Deflection of Girders under a Series of 


Concentrated Loads. 
By Dr. G. S. COLEMAN, D. Sc., A.M.Inst.C.E. 


THE deflection of girders under a series of concentrated loads is usually a matter 
of considerable labour and consequent possibility of numerical error, but by the 
use of Clerk Maxwell’s Law of Reciprocal Deflection such labour can be materially 
reduced. 

Thus, let the uniform beam ACB, shown in Fig. 1, be subjected to a number 
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of concentrated loads placed anywhere on the span. It is often desirable to 
know the theoretical value of the deflection at the mid-span, since the central 
point is usually where the maximum deflection will occur. 

By Maxwell’s law referred to above the deflection at C, due to a load at апу 
point G, is the same as the deflection at G due to the same load at C. Ву utilising 
the general expression for the deflection at any point due to a concentrated load 
at the centre we are able to draw an influence line diagram for the deflection 
at the midspan. 

The general expression for the deflection at any point along the span due 
to a concentrated load W at the centre is proved in any advanced text-book 
to be :— 


_ ИВ W (ix? _ =) 
гаж 444Г| 24154 6 
it being noted that the values of x are measured from the midspan as опат. 
Let the span be divided into ten equal parts as shown in Fig. 2; then. bv 
taking x as successively equal to 0:1/, 0:2/, etc., we obtain Table I. It is orl 
necessary to calculate the values for half the span as the deflection figure wl 
be symmetrical. 


TABLE 1. 
1 Цан 
я = ¿X :— y= Ра x س‎ 
о 0:0208 
o'I 0:0197 
0۰2 0:0105 
0:3 O:OII8 
0:4 0-006062 
0-5 о 


If the values of W and / be each taken as unity we shall be able to draw 
at once an influence line diagram for the deflection at C. 
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This is done by making д, equal to 0-0062, д, equal to 0:0118 and so on. 
If, therefore, it is desired to find the value of Y due to loads W,W, and 
И’, placed at o-1/, 0-3/, and о-81 from the left-hand abutment, we have at once :— 


[3 
Y= ТАДЫ + W 0; ES W 404) 


the influence deflection curve being quickly drawn for any chosen span. 


Questions and Answers relating to Reinforced 
Concrete. 
Readers are cordially invited (o send іп questions relating (o concrete. These 


questions will be replied to by an 
once direct and 8 


tnterest. Readers s 


and, as far as possible, answered at 


expert, 
ntly published where they are of suficient general 
4 supply full name and address, but only inilials will be 


published. Stamped envelopes should be sent for replies. --Ер. 


Joints in Concrete. 


QvuEstion.—I have a query in relation 
to the usual specification clause to the 
effect that concrete must be stopped off 
by ramming against a board. Ina bridge 
work contract where this stipulation was 
made, the contractors and clerk of works 
definitely stated that they have never 
been required to do so in longitudinal 
joints with steel passed through. I have, 
of course, seen longitudinal '' bulkheads ” 
cut and used, and realise it is not simple 
to get a true straight line; but these 
were not cases where the contractors 
claimed special experience. Is not this 
the invariable practice, or is it possible 
to waive this clause and still obtain a 
sound job and smooth soffit ? What is 
the general practice, if not as specified ; 
and a reasonable expectation from work- 
men as to the amount of steel around 
which boards can be fitted where bars 
protrude? Is it satisfactorv to emplov 
a very dry mix without ramming against 
a board face, and join later in the usual 
way with no further precaution ? 

ROBERT MURRAY. 

Warwick. 

ANSWER.—We take it that this query 
relates to a clause sometimes met in 
specifications, to the effect that the 
concrete, instead of being allowed to 
be left to form its natural slope, must be 
finished to a vertical face wherever it 
is necessary to make a break in concreting. 
The necessity or otherwise of this clause 
would depend on the stresses in the 
structure. In a beam, for example, a 


plane of weakness at approximately 45 
deg. might coincide with the plane of 
maximum tension due to shear, and so 
be highly undesirable. This is entirely 
a matter for the engineer to decide. If 
he has asked for this clause to be worked 
to there is probably a good reason for it. 
In general, it would not be satisfactory 
to employ a very dry mix without ram- 
ming against a board face with no further 
precaution. 
O. F. 


Sawdust Aggregate. 


QuEsTION.—In an article by Dr. Oscar 
Faber in your issue for January, 1926, 
mention is made of concrete made with 
sawdust as aggregate in a mineralised 
or chemically treated form. Being 
anxious to find a better material than 
coke breeze for fixing joinery, etc., in 
buildings I would be indebted to you for 
information on chemically treating the 
sawdust. 

A. DUNCAN. 
District Engineer's Office, 

Wellington, N.Z. 

ANSWER.—We are afraid we cannot 
give you any information on the nature 
of the chemical treatment of sawdust to 
make it suitable as an aggregate for con- 
crete. The process is a patented one, 
and has not been divulged. The chemical 
treatment renders sawdust fire-resisting, 
and also eliminates the expansion and 
contraction that would occur in untreated 
sawdust when mixed with water, with 
consequent cracking. 
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Book Reviews. 


"Civil Engineering Specifications 
antitics" By G. S. 
. M. Flood. 


OuR attention has been called to the 
fact that in a review of this book in our 
issue for August last certain words were 
printed in quotation marks whereas they 
were our reviewer's summary of para- 
graphs from the book and therefore 
should not have been in quotation marks. 

The two paragraphs in question appear 
in the book as follows :— 

“ Sand.—Sand for concrete and 
mortar is specified to be clean, sharp, 
river or pit sand, free from loam, 
clay, or any organic matter. No 
separate test for the sand, apart 
from its admixture with cement or 
lime, is generally stated, and the 
definition of sharp sand is somewhat 
hazy. Sand under this definition is 
supposed to act as a binder of the 
cement to the aggregate in the case 
of concrete, and if so should be 
composed of angular particles which 
are rough to the touch. For this 
reason pit sand is often specified, as 
the material has then been deposited 
at some prehistoric period at the 
bottom of a sea, and the particles 
have not been rolled over or ground 
against each other so as to become 
rounded and to have lost their bind- 
ing power. In the case of river sand 
such rounding is probable, and many 
engineers would therefore bar its use, 
although it might otherwise be quite 
clean. Where river sand is allowed, 
care should be taken by the engineer 
that it is not obtained from a part 
of the river affected by the sea." 

“ As the term ‘sand’ is often 
nowadays applied to crushed rock, it 
will be necessary, if such material is 
permitted, to specify the size of the 
particles. Many quarries will now 
supply it from the size of dust up- 
wards. А useful size is from 4 to 
1 in., preferably smaller, and hence 
the sand should all pass a sieve of 
1410. square holes.” 

Our reviewer's comments on these two 
paragraphs were as follows : 

Among these may be mentioned 
the following quoted statements by 
the authors : 

(1) “ Sand must be sharp," a 


and 
Coleman and 
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requirement which 15 
unneces 
(2) “А useful size [for sand’ 

from j-in. to }-in., preferably SS 
and hence the sand should all pass 
a sieve of j-in. square holes." One 
would like to know how ]-in. grains 
can pass an ЖІП. sieve. 

It will be seen that the words put in 
quotation marks by our reviewer were 
not in fact direct quotations from the 
book, and we apologise for any mis- 
understanding that may have arisen due 
to this error. 


absolutely 


"Ratgeber für Bauführer und Poliere 
im tisenbetonbau," by Dr. Ing. R. 
Hoffmann 
Berlin: Wilhelm Ernst & Sohn. Price R.M. 3.40 


Тнї5 little book is a revision by E. 
Klett of Dr. Hoffmann’s “ Foreman’'s 
Guide to Reinforced Concrete,’’ of which 
the first edition was sold out in nine 
months. It is on somewhat similar lines 
to Mr. Lakeman's “ Elementary Guide 
to Reinforced Concrete," published bv 
Concrete Publications, Ltd. (of which 
3.500 copies have been sold in two 
years). 

This book is up-to-date in every wav. 
The first chapter deals with the action 
of reinforced concrete structures and the 
behaviour of concrete under the effects 
of frost, chemicals, electricity, etc. A 
description follows of the various cements 
at present in use, and a list of the result: 
to be expected from tests of both cements 
and concretes. Chapter 3 is devoted to 
formwork and scaffolding, and includes 
several excellent illustrations of timber 
formwork for beam and slab work. 
bridges, and arches. The chapter on 
steel bending and fixing gives example 
of the latest types of bending and hoop- 
ing machines. 

Concrete mixes and strengths are 
dealt with from the point of view o! 
sieve analysis and water content. Par- 
ticular attention is given to the lay-out 
of the construction plant and the ordet 
of concreting the various portions of 
an arch ring. 

In the final chapter there are illustra- 
tions showing how defective steelplacinz 


may result in failures. The book cer- 
tains 62 illustrations and graphs.— 
W.S.G. 


LOADINGS AND PRESSURES FOR DESIGNING. 


Loadings and Pressures for Designing 
Purposes. 


THE following data has been specially compiled for this journal by Mr. Leslie Turner, 
B.Sc., A.M.Inst.C.E., and may be used as a general guide for designing purposes. 


Floor Loads. 
Superimposed or Live Loads, excluding the Dead Weight of the Floor. 


EQUIVALENT DEAD LOAD IN 


DESCRIPTION OR PURPOSE. LBS. PER SQ. FT. 
Domestic buildings and private houses . : : 70 
Hospitals, hotels, and similar buildings . : А 84 
Offices . 100 
Public buildings, schools, assembly halls, theatres, 
retail shops, workshops  . 112 
Drill and ball rooms or floors subject to similar vibration 150 
Warehouses, book stores, etc. : . Not less than 224 
Floors to carry machinery, printing presses, stacks of Up to 4 ton, but each case 
flour, paper, etc., water tanks, etc. . : : must be investigated 
Garages for light and private cars. ; ; . Point load from axle loads up 
to 2 tons 
Heavy lorries and tractors . ; қ : . Up to 11-ton wheel loads 


Dead or Structure Loads additional to above. 


WEIGHT IN LBS. PER SQ. FT. 


DESCRIPTION. OF SURFACE. 

Concrete floor, reinforced concrete floor, granolithic, 

and asphalte . : : : : : . 12 165. per inch of thickness 
Breeze concrete. : : : . . 7 " ” ۴ 
Timber wearing surfaces : š T ; " 
Nailing strips : : : . : e 732 ; T T 
Plaster ceiling А . IO ; T 
Timber floor for domestic buildings (boards and timber 

joists) : . 5 . š š š . 10 Т T T 

Roof Loads. 


Superimposed or Live Loads. 


EQUIVALENT DEAD LOAD. 


Wind load . : . See under “ Wind Loading ”’ 

Flat roofs or roofs up to 20 deg. pitch . 56 lbs. per sq. ft. of surface, including 
wind, snow and ice 

Roofs over 20 deg. pitch : ; . 40 lbs. per sq. ft., including wind, snow 
and ice 


Dead or Structure Loads additional to above. 


WEIGHT IN LBS. PER SQ. FT. 


DESCRIPTION. OF SLOPING SURFACE. 

Asphalte : | : . | . 12 

arding (per inch thickness 
Roofing felt. : ; : ч 2 | 
Slate battens | : : : . I 
Slates . 7-9 
Tiles 12-18 (higher figure for small, i.e., plain 

tiles) 
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Glass . : š š . : . 3$ (per 1 in. thickness) 
Glazing bars (metal) : ы . 3 
Lead . : : ( š . ©. 5-7 (add for rolls) 
Steel purlins. : А : . 2-4 
Timber rafter and purlins : 7 
G.I. Corrugated sheeting (22-18 gauge) . 2-3 
Concrete and ceilings . ; (see “ Floor Loads '') 
Asbestos slates . : . 21-3 
„ corrugated sheeting . : . 3-34 
Steel truss (approx.) . : : . Total wt. = 0:75 С.5. (1 + =) Ibs. 


C =centre of trusses in feet 
S = span of trusses in feet 


Walls and Partitions. 


WEIGHT IN LBS. PER SQ. FT. 
OF VERTICAL WALL. 


Brickwork . i : : : ; à . IO lbs. per I in. thickness 
Breeze partitions . š 2 ; i : . 8 z ” 
Plaster (each face) . : 9 ,, 2 8 
Light timber-studded partitions complete . IO to 18 lbs. per sq. ft. 
Concrete walls : : . 12 165. per I in. thickness 
Windows : 
Glass : : : : ; : : . 14 34 " 
Glazing bars . . : . : | . 3-6 lbs. рег 84. ft. 


Lateral Pressures. 


Wind pressures on flat vertical surfaces may be calculated from p = 0-0032 t! 


where р = pressure in lbs. per sq. ft. 
v — velocity of wind in miles per hour. 
This gives р = 32 lbs. per sq. ft. when v = 100 
and p = 40 РЕ же X ШОШ LIS: 


The upper portions and exposed members of structures should be designed for 
the above pressures, which may be reduced for the lower and sheltered portions. 

To obtain the normal pressure (») caused by the above pressure (f) acting hon- 
zontally on roofs or sloping surfaces inclined at angle 0 to the horizontal employ 
the Duchemin Formula : 

|, 2sin 0 
n = Pr sin ð 
Earth pressures.—On vertical surfaces according to Rankine's formula 


I — sin 0 
for level ground surfaces. 


I + sin 0 

Weight of earth Angle of repose of Pressure in lbs. per 
per cu. ft. carth in degrees. sq. ft. at any depth 

w. (A) in ft. 

IOO 30 33 А 

IOO 35 27 h. 

IIO 30 36 h. 

I20 30 40 Л. 


Foundation Pressures. 


As it is often impossible to define precisely the nature of the ground forming 4 
foundation, the following figures must only be taken as approximate and are subject 
to verification when sites are completely opened up. 
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Maximum LOAD IN TONS PER 


ў DESCRIPTION OF GROUND. SQ. FT. 
Silt, morass, mud, peat, alluvial deposits, made-up ground 

tipped at least ro years. о-і 
Natural bed of soft clay, wet or loose sand, soft sandstones 
Natural bed of ordinary clay or confined sand 4 2 
Natural bed of compact gravel, stiff clays (below frost level) 

and solid chalk. ; : : 4 

6-10 


Natural beds of hard sandstones; liniéstones: ЁС 
Natural beds of igneous rocks (granites, whinstones, etc.) 


I5 upwards 


Bearing Pressures. 


DESCRIPTION OF BEARING. 

Ordinary brick in lime mortar 

” 5i cement ,, 
Hard " $ 
Blue Y 
Lime concrete (good) 5 
Portland cement concrete (1:2:4) 
Granolithic bearing blocks | 
Freestone КА Y 
Freestone ashlar masonry in cement 
Granite 2) А л 


AVERAGE SAFE PRESSURE IN 
ToNs PER sQ. Fr. 
3 (very variable) 
5 
8 


I2 


Fusing of Concrete. 


WE have received the following from Mr. 
W. |. Rees, ofthe Department of Applied 
Science, University of Sheffield :— 

“ SIR, —I have read with interest the 
article in your October issue on ' The 
Fusing of Concrete’ by Mr. А. E. Perkins. 

“ It would appear from the observa- 
tions and analvses detailed in this article 
that the fusibility of the concrete is due 
to the character of the sand used in the 
aggregate. The fact that the best glass 
was found at the ground side of the 
foundation is probably due to the forma- 
tion of glass at the upper surface of the 
concrete and its trickling through to the 
lower level where the temperature was 
such that solidification would take place. 

"It is to be expected that with a 
temperature of over 1,600 deg. C. in the 
combustion chamber of the furnace, the 
temperature on the upper surface of the 
concrete would be between r,ooo deg. 
and 1,100 deg. C., or possibly even a 
little higher. It is unusual to have such 
a comparatively thin layer of firebrick 
and red brick between the high tempera- 
ture combustion chamber and the con- 
crete foundation. It is advantageous in 
all cases to interpose between the concrete 


foundation and the furnace structure a 
layer of insulating bricks. This makes a 
more efficient construction than the use 
of air ducts between the combustion 
chamber and the concrete foundation. 

“Іп the particular construction re- 
ferred to by Mr. Perkins the interposition 
of, say, a 3 in. insulating brick between the 
firebricks and the red bricks would be 
advantageous, and would prevent loss of 
heat by conduction into the foundation. 
It 15 becoming common practice at the 
present time to use a layer of insulating 
concrete in the foundation of a furnace. 
The insulating concrete is made from a 
mixture of cement with Keiselguhr or 
Diatomite. Both the insulating bricks 
and the insulating concrete in a 3 in. 
layer are sufficiently strong to carry the 
weight of any ordinary type of furnace. 

“The abnormal result which Mr. Per- 
kins describes should not in any way 
deter furnace builders from using con- 
crete foundations for furnaces. It does, 
however, point to the importance for 
both furnace efficiency and foundation 
stability of adequate insulation and care- 
ful selection of the sand and aggregate 
used in making the concrete.” 
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Materials for Concrete Road Construction. 
By R. A. B. SMITH, A.M.Inst.C.E., A.C.G.I. 
Fine Aggregate (continued). 


CRUSHED gravel makes an excellent fine aggregate and gives good wearing 
properties ; it is, in fact, better in this respect than uncrushed gravel. 

Pea gravel is not suitable owing to its shape; the resultant surface 
is apt to be slippery even in paving flags. 

The presence of more than 5 per cent. by weight of silt must be 
regarded as dangerous, and the material should not be used until a set 
of compression tests has been undertaken. A simple method of testing 
for silt is to stir the aggregate to be tested in a test tube with sufficient 
water to cover it. On settling, the silt will form a layer on top of the 
aggregate, and if the tube is graduated it is an easy matter to ascertain 
the proportion of silt to aggregate. 

Loam or clay when found in a fine sand is likely to reduce the strength ; 
on the other hand, a small percentage in a coarse sand does not seem 
detrimental and quite good compressive strength results have been 
obtained. Generally speaking, not more than 5 per cent. should be 
allowed in the latter case, and in the former judgment must be based on 
the results of compression tests. 

The specification for fine aggregate adopted by the American Society 
for Testing Materials requires that tensile or compressive tests of the fine 
aggregate at 7 and 28 days shall show strengths not less than that of 
I:3 standard sand mortar of the same consistency made with the same 
cement. 

A simple test for voids is that recommended by the British Portland 
Cement Association, and is as follows :— 

Take a glass cylinder (2 in. to 5 in. diameter, according to size of 
aggregate) and graduate it (a varnished paper scale will suffice) as shown 
in Fig. 1 so that parts А and B contain equal volumes. Stand the 
cylinder on a level surface and pour water in to fill part “ A," tapping the 
vessel gently on its support so as to compact the aggregate in the water. 
The water surface will now rise to, say, “С,” dividing part “В” into 
two portions—that filled by the water displaced by the aggregate and 
the upper part representing voids in the aggregate. If the scale is 
graduated as shown the percentage of these voids to the volume of 
aggregate (A) can be read off directly. In the sketch this is 45 per cent. 
For the most accurate results damp aggregate should be used to prevent 
any absorption of the water in the cylinder. 


Coarse Aggregate. 


The chief materials used as coarse aggregate for concrete roads are: 
(1) Granite ; (2) whinstone, basalts; (3)limestone ; (4) gravel or ballast ; 
(5) sandstone ; (6) slags, etc., and clinker. 

Granite.— The best granites are obtained from the districts around 
Aberdeen and Leicester and in the island of Guernsey. All have their 
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distinctive features, but they are all free from any of the impurities 
such as FeS, which would be detrimental to the concrete. Granite is 
usually grey coloured, and of coarse texture, and the specific gravity is 
2°65 to 2:70; it forms an excellent aggregate. 

Whinstone and Basalts.—Most of the roads constructed in Scotland 
are composed of whinstone, which is tougher than granite and in every 
way a very suitable aggregate, standing up to steel-tyred traffic practic- 
ally as well as granite. All the basalts are hard enough and not inclined 
to be brittle, so that if the choice of either granite or basalt is possible 
for the surface the latter may be chosen if cheaper. A brittle stone is 


Fig. 1. 


apt to crack under a tyre, more particularly in frosty weather, so that 
eventually pieces are missing in various parts of the surface; this is no 
great defect but it is perhaps annoying. 

The specific gravity of basalts, traps, etc., generally varies from 2-8 
up to 3:2. They are dark green to black in colour, and of closer texture 
than granites. 

Fans are now usually employed at quarries to remove the dust, 
which has a market value as a filler for bituminous preparations. When 
fanning is not done it is advisable to specify washed material, as otherwise 
the combination between the stone and the cement is not so satisfactory ; 
more than once this defect has led to unfounded criticism of the cement. 

Lsmestone,.—limestone is usually a very suitable aggregate. Тһе 
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higher the specific gravity, the more satisfactory it is. Those of low 
specific gravity are rarely, if ever, suitable for the top surface of a concrete 
road, being too soft (specific gravity may be as low as 2) and liable to 
polish and produce a dangerously slippery surface. It must also be 
realised that the fine dust which clings to the surface of a piece of limestone 
is partícularly objectionable and may reduce the strength by 40 per cent. 
unless removed by washing. 

Gravel and Ballast. —All gravel and ballast pits may be considered 
potential sources of coarse aggregate, but one occasionally runs across 
a pit where the percentage of soft sandstone is so high that the material 
has no wearing value at all and must be refused for one-course concrete 
road construction, though still admirable for the bottom course in two- 
course construction. Gravel has a specific gravity in the neighbourhood 
of 1°75. 

Sandstone.— When mica is present in a sandstone it is not likely to 
produce a strong concrete, and tests should first be made to obtain some 
knowledge of its compressive strength. When quartz particles are the 
chief constituent, then sandstone is likely to be suitable. An easv test. 
giving fairly reliable results, is to boil a small piece about the size which 
would pass a ?-in. mesh. If it immediately disintegrates it can have 
little if any value. 

Slags and Clinker.—Slags are most variable, and must be regarded 
with suspicion until tests in the laboratory have shown that the material 
is free from sulphur or any other impurity. Cold-blast slags from steel 
works rarely contain sufficient impurity to be other than suitable, but 
there are many slag tips in this country which must not, unfortunatelv. 
be used with cement. 

Generally slag is hard, though full of tiny air holes, and compression 
tests give good results. These last may be good in which sulphur is 
present, as the action between the SO, and the cement may only take 
place over a number of years. 

Clinker must be carefully selected if it is to be used in concrete. 
Boiler ashes are not suitable, as they almost inevitably contain particles 
of coal; clinker, however, obtained from destructors is suitable, more 
especially if obtained in winter. Some figures recently obtained in 
such a case are sufficiently interesting to be repeated :— 

A slab was made of 3 parts of screened clinker to I part of rapid- 
hardening Portland cement gauged with 13:5 per cent. of water. 


lbs. ozs. 
Weight before abrasion ; ; š . 43 3 
Weight after 48 hours abrasion . : . 4I I2 
Loss in weight  . : Š . 1 7 
Percentage loss . : : . 3-3 per cent. 


Not only is this clinker sound in its compressive strength, but it also 
shows excellent resistance to abrasion when it is considered that no higher 
results are asked by the British Standard Specification for paving slabs. 
It is, however, recommended that when clinker or slag is used as the 
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aggregate for concrete road construction the use of reinforcement should 
be avoided ; if the use of reinforcement seems unavoidable in some por- 
tions of the work, then clinker or slag should be substituted by another 
material which is known to be perfectly harmless. 

The value of a knowledge of the specific gravity of a substance is in 
the fact that it offers an easy method of checking the voids in smaller or 


fine aggregates. 


If W equals the weight of a cubic foot of material, 
S equals the specific gravity of the material 
The weight of a cubic foot of water is taken as 62:3 lbs. 


Then the percentage of voids equals (x — ми 100. 


If the material contains moisture it should be first dried. 


(To be continued.) 


Rapid Construction. 


AN interesting contract has just been 
completed under exceptional circum- 
stances at Liverpool for the Mersey 
Railway Company. For some time the 
facilities. for handling passenger traffic 
during the rush hours at Liverpool 
Central (Low Level) Station have been 
inadequate, and the management con- 
sidered several schemes for relieving 
the congestion. It was eventually de- 
cided to widen the platform and provide 
additional staircase accommodation ; 
arrangements were made for carrying 
out the work during the summer of 
1926, but owing to the coal and general 
strikes of that year the scheme was 
postponed. 

It was realised that in order to prevent 
undue dislocation of traffic the whole 
of the work in the platform widening 
would have to be completed in one week- 
end. By Board of Trade Regulation 
only fireproof materials could be used, 
but bv the use of steelwork, precast 
hollow beams and concrete flagging the 
scheme was carried through within the 
stipulated time. Messrs. Redpath, Brown 
& Co., Ltd. were the main contractors, 
and the concrete work was carried out 
by Messrs. Precast Concrete, Ltd. (Hud- 


dersfield), who were responsible for 
supplying and fixing their patent “ Hollo- 
cast" floor, and “ Nonslip’’ paving 
flags (Nonslip Stone Co., Halifax). 
Work was commenced by the Railway 
Company at то o'clock on Friday night, 
September 3o. This consisted in the 
entire removal of the track alongside the 
existing platform and the laying of new 
points, crossings, and track to accom- 
modate the traffic to the extension. 
The erection of the steel super-structure 
was commenced by Messrs. Redpath, 
Brown & Co., Ltd., at 6 a.m. on Saturday, 
and one hour later Messrs. Precast 
Concrete, Ltd., commenced laying the 
“ Hollocast " floor beams, immediately 
following with the concrete flags. The 
whole of the work was completed by 
6 a.m. on Monday, October 3 (48 hours), 
and the new staircase was fixed during 
the following week-end. The new plat- 
form had to be available for traffic 
immediately on completion, and rapid 
hardening cement was used throughout. 
The extension to the platform was 
332 ft. long, by up to 131 ft. wide, and 
was carried out under the direction of 
Mr. J. Shaw, M.Inst.C.E., the General 
Manager of the Railway Company. 
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New Types of Porous Concrete. 
“ICE CONCRETE.” 


THE references to “ice concrete " that 
have appeared recently in the Press are 
discussed by Mr. H. E. Wennstrom in a 
recent issue of '' Pit and Quarry.” There 
are, he says, two principles which have 
been utilised in the production of porous 
concrete. 

The first depends upon the generation 
of a gas during the process of setting, 
brought about by a chemical reaction 
resulting from the action of certain ingre- 
dients in the cements in combination with 
water upon certain added materials. The 
latter must be of such a nature that a 
gaseous substance results from their inter- 
action with water, generally in the pre- 
sence of alkalis or alkaline substances. 
As examples of materials of this type 
may be mentioned certain metals in a 
fine state of subdivision, such as zinc, 
aluminium, magnesium, calcium, etc., 
and carbides of a type which undergo 
slow decomposition in contact with water, 
such as aluminium carbide. 

The second principle involves the use 
of a substance which is solid at a low 
temperature but liquefies with the rise 
of temperature, allowing the cement to 
form an outer coating while in the solid 
state, and of such a nature that when it 
assumes the liquid phase it enters into 
chemical combination with the cements. 
A substance of the type is water, employed 
in the form of ice. Hence the product 
obtained by the application of this prin- 
ciple has been termed ''ice concrete," 
whereas what is obtained by making 
use of the first principle known as “ gas 
concrete.’ 

Several patents have been granted in 
which the application of these principles 
is involved. One of these patents claims 
that porous concrete products are ob- 
tained bv adding to the cement or mortar 
in the dry state aluminium or a similar 
metal in a very fine state of subdivision, 
the object being to obtain an evolution 
of hydrogen before the cement or mortar 
hardens. The production of pores in the 
resultant mass occurs due to the passage 
of the gas through the material while in 
a plastic condition, and suggests the em- 
ployment of hot water or the addition of 
a small amount of caustic alkali in order 
to accelerate the evolution of the gas, 
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the mortar being prepared in the usual 
manner with or without the addition of 
sand. 

The process consists of the addition to 
the cement of a mixture called '' slate- 
lime " and a powdered metal, which is 
adapted to generate gas from the result- 
ant mixture on the addition of water. 
Aluminium, zinc and magnesium аге 
metals of this type. “ Slate-lime ” is an 
intimately finely-divided mixture of cal- 
cined slate and lime, as, for instance, 
50 per cent. by weight of each or 6o 
per cent. by weight of lime and 4o per 
cent. by weight of calcined slate. The 
calcined slate and lime should prefer- 
ably first be finely powdered separately, 
and then ground together. 

When the gas-generating metal powder 
is added to the cement, together with the 
“ slate-lime," the product obtains a high 
degree of porosity and a uniform composi- 
tion, which is due to the fact that the 
whole mass consists of a finelv divided 
binding agent and water. The mass 
will thus not contain any particles which 
will sink to the bottom, but only very 
light and fine particles which will remain 
uniformly suspended in the liquid mass 
during the hardening of cement; more- 
over, the “ slate-lime ” will not cause апу 
saline efflorescence on the surface of the 
bricks made of this mixture, as the cal- 
cined slate will bind any salts likely to 
cause an efflorescence. The addition of 
'" slate-lime ” is claimed to secure the 
advantage that the cement can be mixed 
therewith without reducing the strength 
of the product. 

The introduction into the mixture of 
raw materials of a powdered metal of the 
type mentioned in very small quantities 
is generally made in amounts of less than 
I per cent. The introduction of the 
metal may be carried out at anv stage 
of the incorporation of the raw materials 
ground together with the latter so that 
an intimate mixture is effected. When 
water. is added to such a mixture. a 
chemical reaction takes place resulting 
in the generation of large quantities 
of gas which cause an increase of the 
volume of the mass. This takes place 
before the '' binding ” sets іп, and when 
the material has been hardened “а 


porous stone-like material” 15 ob- 
tained. 

The addition of water of a temperature 
of from 87 degrees to 104 degrees F. is 
required in order that the reaction may 
take place more rapidly, and that a 
larger quantity of gas may be produced. 
In order to reduce the period for the set- 
ting, it is convenient to add substances 
adapted to this purpose, such as sodium 
carbonate and aluminous cement. The 
aluminous cement causes very rapid har- 
dening and should be added only in a 
very small quantity, for example, 2 to 
5 per cent. 

Two formulae as examples for the pro- 
duction of a porous concrete of the type 
under consideration are as follows: (1) 
70 to 85 parts by weight of '' slate-lime,”’ 
15 to 30 of Portland cement, 0:25 of 
zinc dust, and 50 to 100 of water. (2) 
. бо to 80 parts of cement, 40 to 20 of 
“ slate-lime,’’ o:15 of aluminium powder, 
and 40 to 80 of water. 

It is claimed that material manu- 
factured according to this procedure has 
a high degree of porosity, and that the 
pores are fully separated from one another 
by means of partition walls. On account 
of this fact air cannot circulate through 
the material, since the different cells 
containing the generated gas are wholly 
closed. The material has a very low 
weight for volume, the specific gravity 
being 0*5. Due to the high porosity of the 
material, relatively small quantities of 
raw material will suffice for its manu- 
facture. 

The material has large heat-insulating 
power, which makes it very suitable for 
use 10 the construction of exterior walls 
of buildings, and it is easily workable, 
capable of being turned out in the form 
‘of bricks, slabs and the like. It can be 
cut soon after having been manufactured. 


NEW 


TYPES OF POROUS CONCRETE. 


* Ice Concrete.” 

The second method or principle in the 
production of a porous concrete involves 
the use of water in the form of ice, and 
results in the production of so-called 
“асе concrete." One advantage of '' ice 
concrete " over that of “ gas” is that 
the former can be shaped in the course 
of manufacture, whereas the latter can 
be cut into desired forms only after 
it has hardened. 

“ [ce-concrete " is made by mixing 
snow, crumbled ice, or artificial hailstones 
with quickly-setting cement, mortar or 
plaster. This surrounds or coats and 
insulates the snow or ice particles used 
to produce the pores in the intended 
mass, and at the same time this coating 
material prevents the snow or ice particles 
from melting too quickly, thus facilitating 
the tamping or pressing of the mass into 
the desired shape. Should it be desired 
to mould the ice-concrete, water is 
added until the mixture becomes fluid, 
but not before the snow or ice particles 
have been coated by the hydraulic 
substance. 16 is possible to predeter- 
mine the size and quantity of the pores 
in the product by using a greater or a 
lesser proportion of snow or ice particles 
in the mixture. 

After tamping or moulding, the objects 
are taken into a warm room, where the 
hardening can begin at once and the 
snow or ice particles can begin to melt, 
giving the mass the humidity which 
cement, for instance, needs in order to 
harden. As the snow or ice particles 
coated with cement meet the water, 
which is partly absorbed by the mass and 
partly evaporates, the mass becomes 
porous to the desired degree, because it 
cannot shrink as this is prevented by the 
already hardened insulating layer, which 
coats or encloses the snow or ice particles. 


New Designing Firm.—The firm of Вїсггиш & Partners has been established 
to carry on business as engineers and contractors specialising in reinforced concrete 


work with offices at 92 Victoria Street, London, S.W.r. 


The firm will undertake 


the design as well as the erection of all kinds of reinforced concrete structures, taking 


the entire responsibility. 
H. Ingerslev, and O. Westergaard. 


The partners of the firm are Messrs. H. A. Bierrum, 
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DATA FOR PRICING REINFORCED СОМСКЕТЕ. (CON 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS ЕРО КЕР 4 MILES FROM CHARING CROSS. $. d. 
Best Washed Sand . . . А . . . peryard 13 6 
Clean Shingle, 3 in. mesh : š қ қ š š ie 12 6 

ы 2i 1 in. mesh. ; ` : š : š 5 - I3 6 
Thames ballast. : à : : : s š 4 ь Ч Io Ó 
Broken brick (2 in.) . š : » I1 6 
Best British Portland Cement (delivered London area). r per ton 53s. to 55 o 
Rapid-Hardening Portland Cement . š . . delivered London 105. рег ton extra 
" Super-Cement ” | : : рег ton 83s. to 88 o 
"Lightning ” Brand Aluminous Cement . А : š ян 1005, to 105 6 
Ciment Fondu : š š : š : . works f.o.r. 95 0 
BOARDING FOR SHUTTERING— Sawn. W rot. 

5. 4. 5. 4. 

rin. . . . . . . . š . per square 23 6 27 6 

I} in. . š . . . . . . А » 29 6 33 6 

I$ in. . . . : > 35 6 4 © 
SAWN TIMBER FOR STRUTS AND SUPPORIS— 

3 in. by 4 in. : 1 : š š . from (22 per standard 

3 in. by 6 in. and 3 in. by 7 in. . . . . . ow £20 n „ 
MILD STEEL RODS FoR REINFORCEMENT— 5. 4. 

in. to 21 in. Rounds . . š . ° . : . percwt. то 6 
Yi. to 1 in. Rounds . : қ 5 : š қ ç 2 10 9 
1 in. Rounds 4 4 : а à Я А š А T 11 O 
1 in. Rounds š : . : š ? š 4 12 0 


Breeze Slabs per yd. super: 2 in., 1/11; 21 in., 2/4; 3 in., 2/9; 4in., 3/6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 
(Based on Contracts up to £2,000.) 


PoRTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— 5.4. 
Do. do. in foundation . ; : : : . per foot cube 1 9 
Do. do. in columns j Ў š : à š ” ” I II 
Do. do. in beams. í : 4 š š í " "T 2 1 
Do. do. in floor slabs 4 in. thick . š š . peryardsuper 5 8 
Do. do. in floor slabs 5 in. thick . š : , 5 T 7 ° 
Do. do. in floor slabs 6 in. thick . ; А 4 T " 8 6 
Do. do. in floor slabs 7 in. thick . : : : »i T 9 10 
Do. do. in walls 6 in. thick. í Ж 8 2 
(Add for hoisting 3s. 6d. per yard cube above ground-floor level. Add for ** Ferrocrete” 
Is. 10d. per yard cube.) 

STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 
PosiTION AND SECURING WITH STOUT BINDING WIRE— s. d. 
From } in. to Ë in. : 1 . š : à š . percwt. 23 6 
» f in. to 4 in. : : 1 : : š š ; Қа 21 6 


1 in. to 2{ in 20 6 
EXTRA LABOUR TO BENDS in tin, rods, 44.; fin. rods, 1d. ; kin. rods, 114. ; 
§-in. rods, 14d. ; 3-1. rods, 134., j-in. rods, 2d. ; ; I-in. rods, 244.; 1{-і0. rods, 
3d.; 11-11. rods, 31d. ; 14-ш. rods, 41d. ; rin. Pig 6d. (per bend per cwt.). 


M LABOUR TO HOOK BENDS: $ in., ; $in., 2d.; 4 in., 24d.; $in.. 
; $in., 344.; țin., 4d.; 1 in., 414. ; 1} in., с. : 1] in., 14. (per bend per owt) 
ER d 


Shuttering and Supports for Concrete Walls (both sides measured) per square с. о 
Centering to Soffits of Reinforced Concrete Floors and Strutting, average 
IO ft. high . . . per square 55 o 
Do. do. in small quantities . š : . per ft. super o 10 
ShutteringandSupportsto Stanchions for easy removal, average 18in. by18 in. 
per ft. super о 11% 


Do. do. as last, in narrow widths. 5 We we I ij 

Do. do. to sides and soffits of beams, average 9 in. by: I2in. , ,, т 1j 

Do. do. as last, in narrow widths. : ° "P I 3$ 
Raking, cutting, and waste to shuttering . : š š perft.run o 3 
Labour, splay on ditto . : КА о 2 
Small angle fillets fixed tointernalan gles of shuttering to form chamfer ,, 9 o 3 


WAGES.—The rates of wages on which the above prices are based are :-—Carpenters 
and joiners, 1/9} per hour; Carpenters working on old shuttering, 1/10} ; Labourers 
on building works, 1/44; Men on mixers and hoists, 1/5%; Bar-benders, 1/5}. 


[° This Data is specially compiled for Concrete and Constructional Engineering, and is strictly copyright.) 
680 


PROSPECTIVE NEW CONCRETE WORK. 


Prospective New Concrete Work. 


ASHBY-DE-LA-ZOUCH. — Reservoir. — 
The U. D.C. has purchased а site on which 
to construct а 3,000,000-gallon reservoir. 

ATHERSTONE—Houses.— The Ather- 
stone (Warwick) R.D.C. is considering a 
scheme for the erection of 70 houses in 
Westwood Road, Atherstone. 

BALMAKELLY.—Concrete Bridge.—The 
Laurencekirk District Committee pro- 
poses to construct a reinforced concrete 
bridge on the main Montrose Road at 
Balmakelly. 

BaRkKiNG.—Houses.—The | U.D.C. is 
considering a scheme for the construction 
of 400 houses on the Upney estate. 

BEDFORD.—Reservotr.— The Water- 
works Committee has recommended the 
T.C. to spend £18,000 on the construction 
of a 5,000,000-gallon reservoir. 

BELrFAsT.—Jetty.—The Harbour Board 
proposes to construct a discharging jetty 
at Connswater. 

BvRYv.—Howuses.— The Т.С. proposes 
to purchase Perry's Barn on which to 
erect 132 houses. 

CHERTSEY.—Houses.—The U.D.C. has 
instructed the Architect to prepare plans 
for the construction of 50 houses in Pye- 
croft Road. 

COBHAM.—Road.—The Epsom R.D.C. 
proposes to construct a 4o-ft. road off 
Sandy Lane, Cobham. 

COLEFORD.—Road.—The Frome R.D.C. 
proposes to construct a road at Coleford, 
at an estimated cost of £6,000. 

CoLLyCROFT.—Houses.—The  Foleshill 
R.D.C. proposes to build 50 houses at 
Collycroft. 

CorkK.—Concrete Wharf.—lhe Har- 
bour Board proposes to spend 427,000 on 
reconstructing Victoria Wharf in rein- 
forced concrete. 

CouLspon.—Houses.—The Coulsdon 
and Purley U.D.C. proposes to erect 50 
houses at Coulsdon. 

DaARLASTON.—Houses.—A deputation 
is to meet the M.H. with a view to erect- 
ing 380 houses on a site off Catherine's 
Cross. 

EGHAM.—Howuses.—The | U.D.C. has 
been recommended to erect 50 houses. 

EXETER.—Swimming Pool.—The Cor- 
poration has instructed the Surveyor to 
prepare plans for the construction of a 
swimming pool at the Head Weir bathing 
eround. 


FLEETWOOD. — Dock. — The London 
Midland & Scottish Railway Co. proposes 
to carry out extensions at Fleetwood 
Dock. 

GALLOON IsraAND.—Bridge.—The Sur- 
vevor to the Fermanagh C.C. has sub- 
mitted a scheme for the construction of 
a bridge at Galloon Island. The cost is 
estimated at /7,000. 

HurL.—ootbridge.—The Corporation 
has instructed the Engineer to prepare 
plans for the construction of a footbridge 
over the railway sidings to connect up 
Hessle Road with the foreshore of the 
Humber. 

KINGuUSSIE.—Bridge.—The T.C. pro- 
poses to spend £1,200 on the construction 
of a bridge over the Guynack Burn. 

KIRKCALDY.—Houses.—The T.C. is con- 
sidering a proposal to build roo houses 
in Massereene Road and Links Street. 

LEATHERHEAD. —Houses.—The U.D.C. 
has decided to build 24 houses on the 
Woodbridge estate. 

LITTLEHAMPTON.—Reservorr. The 
T.C. has been recommended to construct 
a reservoir at Batworth Park. The cost 
is estimated at £9,500. 

LONDON (WoorwicH). — Houses.— 
Application has been made for sanction 
to erect тоо houses by direct labour on the 
Eltham housing estate. 

MARKET HARBOROUGH.—Bridge.—The 
Leicestershire C.C. proposes to construct 
a bridge over the Welland at Northamp- 
ton Road. 

MULLAGHBOY. — Reservoir. — The 
Clones U.D.C. proposes to provide a 
reservoir at Mullaghboy. 

Newry.—Bridge.—The U.D.C. has 
applied to the Ministry of Home Affairs 
for permission to borrow {7,000 for the 
erection of a bridge to replace Godfrey 
Bridge. 


MISCELLANEOUS. 


SITUATION VACANT. 
SSISTANT for Concrete Engineer wanted for 
London. State age, salary, and full particulars to 
Box 1276, CONCRETE AND CONSTRUCTIONAL ENGINEFR- 
Inc, 20 Dartmouth Street, Westininster, S.W.r. 


BACK NUMBERS WANTED. 
ONCRETE х CONSTRUCTIONAL ENGINEER- 


ING Vols. 1 to 15 complete or odd volumes. Parti- 
culars to T.F.D., Ум. DAWSON & Soss, Ltd., Second- 
hand and Rare Book Dept., Cannon House, Breams 
Buildings, E.C.4. 
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PROSPECTIVE NEW СОХСКЕТЕ WORK. 


NEWTON ABBOT. — Houses. — The 
U.D.C. proposes to build бо houses on 
the Broadlands estate. 

OxroRD.—AReservoir.—The Corporation 
is considering a scheme for the provision 
of an additional reservoir adjoining the 
existing one at Headington. 

PETERBOROUGH. — Bridge. — The T.C. 
is considering a scheme for bridging the 
river and the L.N.E. Railway at Bridge 
End. 

PoorLE.— Defence Works.—A reinforced 
concrete groyne is to be constructed at 
Sandbanks. The cost is estimated at 
£150. 

PORTOBELLO.—Fter.—The Edinburgh 
Corporation is considering a scheme for 
the construction of a pier at Porto- 
bello. 


RouDHAM.—Bridge.—The Norfolk С.С. 
Highways Committee is negotiating with 
the L. & N.E. Railway Company for the 
provision of a bridge at the Roudham 
level crossing. 

SANDWICH.—Road.—The T.C. propose 
to construct a road from the Causeway 
to Moat Sole. 

SWADLINCOTE. — Reservoir. — The 
U.D.C. has purchased about 4 acres of 
land on which to construct a 3,000,000- 
gallon reservoir. 

THORNBURY  (GLOS.).—Houses.—The 
R.D.C. has applied for permission to 
borrow {15,000 for the construction о! 
40 houses in the surrounding panshes. 

WiLLINGTON.—Houses.—The U.D C. i 
considering a scheme for the erection of 
ЗО houses. 


Tenders Accepted. 


BELFAST.—Concrete Culvert.—The Cor- 
poration has accepted the tender of Mr. 
B. Stafford, Ulsterville Terrace, Belfast, 
at £11,446, for the construction of about 
480 lineal yds. of 54-in. reinforced concrete 
pipe culvert. 

BELFAST. — Concrete Pipe Culvert. — 
The C.B. has accepted the tender of 
Messrs. Musgrave & Co., 
at 11,121 5s., for the construction of 
about 480 lineal yds. of reinforced con- 
crete pipe culvert, together with man- 
holes and junction chamber. 

BERRYDEN (ABERDEEN). — Concrete 
Reservoiy.—The Northern Co-operative 
Society, Ltd., have accepted the tender 
of Messrs. Clark & Chapman, Charlotte 
Street, Aberdeen, for the construction of a 
50,000-gallon reinforced concrete reservoir. 

BODENHAM.—Concrete Wall.—The Leo- 
minster R.D.C. has accepted the tender 
of Mr. Н. J. Witham, Hereford, at £585, 


Ltd., Belfast, 


for the construction of a reinforced con- 
crete retaining wall alongside Bride 
Road, Bodenham. Other tenders sub 


mitted : E. W. Wilkes & Son, Ltd., 4602. 
УУ. F. Greenley & Son, £730; W. H. 
Peake & Son, 4743, W. Wall, 4754. 


Beaven & Hodges, £895; J. Watkins & 
Son, £945; С. W. Ellis, £1,120; J. 


Cutler, £1,749. 

CRADLEY HEATH (STAFFS.)—Concre% 
Sewer.—The Upper Stour Valley Main 
Sewerage Board has accepted the tender 
of Mr. W. H. Rogers, Moat Street, Willen- 
hall, for the construction of about 5% 
yds. of 3o-in. and 2,300 yds. of 27-110. 
reinforced concrete pipe sewer with man- 
holes. 

East KERRIER.—Concrete Reservoir. — 
The R.D.C. has accepted the tender ct 
Mr. C. Trethowan, Constantine, at 4219 
for the construction of a concrete rexr- 
voir. 


SPECIALISTS IN CONCRETE CONSTRUCTION 


EDWARDS Goxstruction Go., Lro. 


PUBLIC WORKS CONTRACTORS 
SPECIALISTS IN REINFORCED 
CONCRETE STRUCTURES 


ALDINE HOUSE, 
10-13, BEDFORD STREET 
STRAND, 
LONDON, W.C.2. 


TELEPHONE 
Recent 6353 
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LTD. 


C. MISKIN & SONS, 
Builders and 


Ferro-Concrete Contractors 


ST. ALBANS and 
1 LONG ACRE, W.C2 
‘Phone - - St. Albans 593; Gerrard 1588. 


E Есин ож ри «ИБЕРИИ s, нее TI UREN СМЕС ет ti NR EF EFE OE ss 
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- FISHBURN.—Concrete. Water Tank.— 

. The Sedgefield R.D.C. has accepted the 

. tender of Mr. G. W. Lazenby, Ferryhill, 
at {290, for the construction of a rein- 
forced concrete water tank. 

GrimsBY.—Quay | Wall.—The Cor- 
poration has accepted the tender of 
Messrs. Hewins & Goodhand, Grimsby, at 
4875, for the construction of a mass con- 
crete quay wall at the River Head Wharf. 

IrswicH.—Qwuay.—The Dock Commis- 
sion has accepted the tender of Messrs. 
Simplex Concrete Piles, Ltd., at £49,003 
for the construction of the extension of 
the Cliff Quay. Other tenders submitted : 
H. M. Murray & Co., /50,105 ; Allison 
Rattray & Co., £50,628. 

Lonpon. — Concrete Houses. — The 
Woolwich B.C. has accepted the tender 
of Messrs. John Laing & Son, Ltd., for the 
erection of two concrete houses on the 
Council’s housing estate at Eltham. 

LONDON (FINCHLEY).—Concrete Sewer. 
— The U.D.C. has accepted the tender of 
Messrs. W. & C. French, Buckhurst Hill, 
for the construction of about 190 yds. of 
зо-т. concrete tube soil sewer in Cyprus 
Gardens, Finchley. 

Lonpon.—Foundations.—The | І.С.С. 
has accepted the tender of Messrs. G. 
Walker & Slater, Ltd., at /3,422, for the 
construction of foundations for the 
central block of dwellings at Ossulston 
Street, St. Pancras. Other tenders sub- 
mitted: Holliday & Greenwood, Ltd., 
45,218, Howard Farrow, Ltd., 
45,062 16s. 6d. ; Wm. Muirhead, Mac- 
donald Wilson & Co., Ltd., /5,053 185. 7d.; 
Patman & Fotheringham, Ltd., £5,027 ; 
Perry & Co. (Bow), Ltd., £4,993 ; Wm. 
Moss & Sons, Ltd., £4,976 ; |. Carmichael 
(Contractors), Ltd., /4,880; |. Mowlem 
& Co., Ltd., /4,826; Leslie & Co., Ltd., 
4 4,786; Holloway Bros. (London), Ltd., 
£4.779; Albert Monk, £4,775; Wilson 
Lovatt & Sons, Ltd., £4,446 175. 4d.; 
Chessums, Ltd., £4,385; Allen Fairhead 
«с Sons, Ltd., £4,363; УУ. Lawrence & 
son, L*d., £4,234; D. G. Somerville & 
Co., Ltd., £4,201 18s. 5d. ; С. E. Wallis 
«с Sons, Ltd., £4,080; Rowley Bros., 
[.td., £4,015; John Laing & Son, Ltd., 
43,956; Hill & Gurr, £3,950; Thos. 
Higgs, £3,826; R. J. Rowley, £3,822; 
J. E. Billings & Co., Ltd., £3,538; E. D. 
vx inn & Co., £3,500. 


TENDERS ACCEPTED. 


PLYMOUTH. — Concrete Tubes. — The 
Corporation has accepted the tender of 
Messrs. J. Smith Bros., Ltd., Half Moon 
Lane, S.E.24, for the supply of 138 yds. 
of 42-in. and 212 yds. of 39-in. reinforced 
concrete tubes. 

RAINFORD (LaANcs).—Concrete Wall.— 
The U.D.C. has accepted the tender of 
Mr. J. Pilkington, Rainford, at £201, for 
the construction of a 96-ft. reinforced 
concrete retaining wall. 

SOUTHEND-ON-SEA. — Pier Improve- 
ment.—The T.C. has accepted the tender 
of Messrs. Peter Lind & Co., at £43,350, 
for pier improvement works. 

TILBURY.—Concrete Road Works, etc.— 
The U.D.C. has accepted the tender of 
Messrs. W. & C. French at £4,770, for the 
construction in reinforced concrete of 
Chadwell Road, together with artificial 
stone paving, and surface water sewers, etc. 
Other tenders submitted : W. Iles, £6,018 ; 
W. E. Walsham, Ltd., £5,555; W. & C. 
Sticking, £5,235 ; G. Wimpey & Co., Ltd., 
£4,990; Chittenden & Simmons, 144., 
14,997: W. H. Wheeler & Co., Ltd., 
£4,964 ; Triangular Construction Co., 
Ltd., £4,800; A. Blair Lyell & Co., Ltd., 
£4,795; G. J. Anderson, £4,655. 

YSTALYFERA. — Concrete Weir.— The 
tender of Messrs. Mackenna, Ltd., Heath- 
field Street, Swansea, for the construc- 
tion of a concrete weir across the River 
Twrch has been accepted. 


DUCKHAMS 


CONCRETE 


MOULD 
OIL 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Co., Ltd. 
6 BROAD ST. PLACE, LONDON, E.C.2 
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RECENT PATENT APPLICATIONS. 


Recent Patent Applications. 


276,068.—A. S. Lewenstein: Floors and 276,707.—A. Godenir: In situ comte 


flooring blocks or units. construction. 
276,069.—A. H. Barnes and E. R. Hillier: 277,126.--Е. C. Caley and C. Down 

In situ concrete building construc- Concrete wall construction. 

tion. 277,192.—W. Wilson: Ornamental сс 
276,241.—H. P, Powell: Walls and par- crete. 

. titions for buildings. 277,252.—R. J. Lyne: Forms for то: 
276,438.— British Portland Cement Manu- lithic construction. 

facturers, Ltd., |. H. Baxter, M. К.  277,513.—D. L. Irwin and Ruberoid С 

Bamber, and УУ. |. Dickinson: Ltd.: Expansion joints for concr- 

Manufacture of cement. roads. 


New Companies Registered. 


DARTFORD CONCRETE, LTD. (225131). Registered October r7. Manufactures! 
cement products, etc. Nominal capital, £4,000. Directors: J. F. Robertson, tu. 


Marina, St. Leonards-on-Sea ; R. M. F. Robertson, тт, Lancaster Gate, W.. 
MIDLAND SLAB AND ADAMANT Co., LTD. (225140). Registered October г 


Heneage-street, Birmingham. Manufacturers of concrete goods, etc. Nominal cep- 
tal, £2,000. Directors: E. Richards, 18, Easy-row, Birmingham; C. Wnght 1. 


St. Mary's-road, Harborne, Birmingham. 


New Reinforced Concrete Bridges in Surrey. 


IN connection with the Kingston by-pass road, two road bridges over the South: 
Railway Main Line and Epsom Branch Line at Raynes Park have been built к 
the Surrey County Council. The work was commenced in September, 1920. 


The bridges comprise two series of four spans each, the length between the абс. 


ment walls spanning the main line being 176 ft., and that between the ари 
walls spanning the branch line 164 ft. біп. The width between parapet жаі - 


бо ft., and includes two ro-ft. footways. The height from top of rail to crest 7 


carriageway is about 21 ft. 3 in. 

The construction work was carried out under conditions made difficult bv t 
frequent passing of trains—on the main line on an average of about one train P” 
minute. Тһе proximity of high-tension “live " rails further added to the dim: 
ties. The contractors were Messrs. Christiani & Nielsen, of Westminster. Т> 
aggregate was 414. washed crushed river ballast and washed river sand suppe! 
by Messrs. William Boyer & Sons, Ltd., of Irongate Wharf, Paddington, W. 
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EDITORIAL NOTES. 
Quality of Cement and the Strength of Concrete. 


THE United States has generally been looked to for world leadership in concrete 
technique, and it is therefore surprising to find at this stage of development that 
the United States Bureau of Public Roads and the Michigan State Highway 
Department have conducted jointly an investigation designed to discover the 
effect of the quality of cement on the strength of concrete. To raise such a 
question implies doubts as to whether the British Engineering Standards Com- 
mittee has not been beating the air in its labours towards raising the standard of 
quality of British Portland cement, and whether British cement manufacturers 
have not been wasting money in laying down new plant for the improvement of 
quality of cement. Some relief is therefore felt when it is found that the report 
of the investigation in question shows the results to be in accordance with the 
accepted view that a stronger cement makes a stronger concrete. 

For the tests in question three grades of cement were used, giving 180 Ibs., 
255 lbs., and 325 Ibs. per square inch respectively for tensile strength at 7 days 
when mixed with 3 parts of standard sand, and, although none of these qualities 
15 equal to the modern British Portland cement, they serve the purpose of illustrat- 
ing the effect of quality of cement upon concrete strength. The quality of the 
concrete made from such cements was judged by tests for tension, compression, 
and flexure, using a standard road mixture of 1:2: 31. The tension test-pieces 
were 6-in. diameter, the compression test-pieces were 6-in. by 12-in. cylinders, and 
the flexure test-pieces were beams 6 in. by 6 in. by 36 in. 

As already indicated, the strengths of the concretes made from the three grades 
of cement were in proportion to the quality of the cement as judged by the usual 
7-day tensile test, but the investigation also enables a moral to be drawn in 
connection with the advantage of using high-quality cements for road work. 
The three grades of cement referred to were apparently normal cements on the 
United States market, and the report points out the significance of the wide 
variations in strength from the standpoint of design of concrete roads. Assuming 
a required modulus of rupture of 600 lbs. per square inch in connection with the 
edge thickness of a concrete pavement, this modulus was attained in approximately 
12 days when the highest strength cement of the three grades was used ; but only 
in 28 days when the medium-strength grade was employed ; and not even in 
6 months when the low-strength cement was used. This is а very striking example 
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of the value of high-strength cement suchastherapid-hardening cements manufac- 
tured in this country, and it is possible to appreciate the reason why a British rapid- 
hardening cement was employed for the re-paving of New York's Broadway. Ї 
must be emphasised that the figures in the report referred to deal with com- 
paratively low grades of cement, but there is no doubt that the same rule applies 
upon the higher levels common to British cement manufacture. The stronger the 
cement the stronger the concrete and the more rapidly it can be put into service. 


Cast Iron as Reinforcement. 


IN his paper on “ Hooped Cast Iron " which we publish in this issue, Mr. R. N. 
Stroyer draws attention to a combination of materials of which very little is 
known in this country, but which has been used in a number of important struc- 
tures during the past twenty years. The reason for using cast iron in preference 
to steel in compression members is, of course, in the last instance cheapness. 
cast iron being about half the price and having twice the strength of steel, and 
every structure that has been executed in hooped cast iron has no doubt had 
to face a sharp competition with steel and reinforced concrete. That it ha: 
successfully done so in spite of the usual prejudice against any new proposal 
speaks for the efficiency and safety of the material. and as its use seems to be 
an established fact on the Continent there does not seem to be any reason why 
we in this country should not take advantage of a system of reinforcement, which. 
in addition to cheapness, offers some remarkable possibilities for reducing the 
bulk of concrete compression members. 

Тһе L.C.C. column may suffer from heaviness unless costly steel reinforce- 
ment is introduced ; with hooped cast iron it is stated that a 1241. column 
may be used from roof to basement in a building taking loads up to 250 tons; 
so that it is possible to visualise the standardisation of columns with this system, 
inasmuch as two sizes, say 12-in. and 16-in., would probably cope with all building 
loads up to 400 tons. 

The redeeming clause mentioned in the Austrian regulations, which allows 
the use of any new construction provided an actual factor of safety of 3 is proved 
by test, has much to commend it, and the introduction of a similar claus 
in our regulations would do much to further research work on new methods ot 
construction and their practical application in every-day structures. 


686 


CURING CONCRETE. 


Curing Concrete. 
Ву 1. SINGLETON-GREEN, M.Sc., A.M.I.Mech.E. 


THE actions which take place during the setting and hardening of Portland 
cement are very complicated, but the summary below probably represents fairly 
accurately the action of the chief constituents : 

(a) Tricalcium aluminate and 5: 3 calcium aluminate hydrate during the 
first 24 hours and cause the setting and hardening during this period. If the 
cement is disturbed after it has been laid, these actions alone are affected. 

(b) Tricalcium silicate commences to hydrate after the first 24 hours and 
continues for about 7 days. 

(c) Dicalcium silicate commences to hydrate after about 7 days and con- 
tinues almost indefinitely. 

None of the above actions can take place in the absence of water, and it 
is shown below that concrete increases little in strength unless it is kept moist. 
When the aluminate actions take place undisturbed the cement tends to retain 
its moisture more tenaciously than when these actions are interrupted, and so 
the hydration of the silicates is further affected. These considerations bring us 
to the practical point that it is even more important to keep a trowelled face 
wet than an untrowelled one. 

It is recommended that concrete be kept wet for at least fourteen days, if 
possible. In any case, it should be protected from wind and sun, which would 
evaporate the water necessary for its complete setting. 

The effects of varied curing conditions have been carefully studied by Mr. 
Herbert J. Gilkev, and the conclusions below are summarised from his paper.* 

(1) The longer concrete is kept moist after being placed, the better. To 
be more specific, concrete which is dry after 7 days' moist curing will give a 
28-day strength of about 65-70 per cent. that of the standard 28-day specimen 
in the same condition (wet or dry) at test. Concrete dried after 14 days will 
develop about 88 per cent. of the standard. 

(2) Intermittent wetting or sprinkling is not as effective as continuous 
moist curing, unless the wetting be thorough enough to keep the concrete moist 
during the interval between wettings. Whenever concrete dries, curing (i.e. 
gain in strength) almost ceases. It resumes at a diminished rate when moisture 
is again available. 

(3) Early drying is probably permanently detrimental to the concrete, even 
if it be subsequently subjected to standard moist conditions. For instance, a 
specimen that was in air after the first day and then immersed at the age 
of one month had acquired a strength of about 98 per cent. of the 28-day standard 
at the end of 3 months. This illustrates the diminished rate of gain. 

(4) Early drying is permanently and extremely detrimental to the concrete 
if it remain in the dried state. Concrete that is not wetted will never develop 
a strength appreciably above what it has at 5, 6, or 7 days (when enough of the 
original mixing water has evaporated to halt further curing action). 

(5) With alternate saturation and drying the curing will be equivalent to 
a uniformly moist condition if the drying is not too prolonged—see (2). If 

* “ The Effect of Varied Curing Conditions upon the Compressive Strength of Mortars 
апа Concretes."—H. J. Gilkey, Proc. Am. Conc. Inst., Vol. 22, p. 395, 1926. 
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drying is complete between saturations, strength will be less than that of moist- 
cured concrete, but not as low as concrete cured dry. This statement takes no 
account of some situations in which alternate swelling and shrinking might 
damage the concrete by violent internal stress fluctuations, etc. 

(6) The difference in strength between concrete cured moist and concrete 
cured dry is enough to be of great practical importance. Concrete which is 
moist cured will develop from 13 to 3 times the 28-day strength of dry-cured 
concrete, if both be in the same condition at test. The ratio becomes greater 
for greater ages. 

(7) Concrete cured moist but dried out at test is stronger than the same 
concrete tested wet, іп the same way that brick or porous stone is stronger when 
dry than when saturated. When re-soaked the concrete resumes its former wet 
strength. The strength gain from drying out will vary from 1o to 40 per cent., 
depending upon the mixture, the degree of drying, etc. А good average value 
for typical concrete mixtures under average conditions may be taken conserva- 
tively as I5 or 20 per cent. For wet mixtures (high water ratio) it may be as 
low as IO per cent. 

The mere mechanical process of drying out, as previously stated, increases 
the strength from 10 per cent. to 40 per cent. This is not a permanent gain. 
however. The same concrete when again wetted would have only the strength 
of wet-tested concrete. Thus a specimen wet at test 1s always potentiallv as 
strong as a similar specimen tested dry and giving a much higher test strength. 
while one tested dry is potentially as weak as the wet-tested one. Thus we 
have an apparent contradiction, viz., that the ideal curing condition is that of 
moist storage for the longest possible time, while the greatest strength is attained 
by removal from storage and drying out. Doubtless it is a fair analogy to liken 
saturated concrete to saturated stone or brick, either of which will test much 
weaker while wet than dry. (The analogy must end here, since neither the stone 
nor the brick sets or cures.) 

Thus true curing produces permanent improvement in strength, while mere 
drying produces a temporary increase, present only so long as the drv condition 
exists. This substantial increase in strength attainable by drying prior to test 
has been recognised and demonstrated by several authorities. It is not certain 
that it has always been clear that the gain is purely a mechanical one and that 
a dried out concrete removed from wet storage at an age of, say, I5 or 20 dass, 
and giving an ultimate strength 20 per cent. above that of a standard 28-dav 
companion specimen tested wet, 1s potentially about 15 per cent. weaker than 
the 28-day specimen. The 28-day standard specimen has had the benefit ot a 
week or more additional wet curing and if allowed to dry out before test would 
develop a strength of some 135 per cent. of its own wet strength instead of the 
I20 per cent. given by the specimen removed at 15 or 20 days. These figures 
will, of course, vary with the mixture, the dryness of the air, mass or size ot 
specimen, etc., but the general situation holds true. 

(8) Moist storage is more essential to wet-mixed concrete than to drier mixes. 

(9) Mixes of different richness respond in the same way to different curing 
methods, but probably not to the same extent. These tests do not indicate clearly 
which way the trend lies, as there is no series in which cement content was the 
only variable. 
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(10) There is no essential difference in manner between the curing of con- 
cretes and mortars, but some of the results appear to indicate quite a difference 
in degree. Mortars appear to have higher percentage fluctuations of strength, 
moisture content, etc., than do concretes. This evidence is complicated, how- 
ever, by the presence of two variables. The mortar and concrete specimens were 
not usuallv of the same size. (Mortars 2 in. by 4 in. ; concretes 6 in. by 12 in.) 

(11) For a small body of concrete with relatively large surface area, serious 
damage from drying out is to be expected. The response to an unfavourable 
environment is much more rapid and complete for small than for large specimens. 
The response to the addition of moisture is, practically speaking, about equal 
in the two cases. Even a large mass of concrete soaks up moisture quite rapidly 
until nearly satisfied. 

(12) Special precautions should be taken in constructional work to avoid 
drving out, especially if heat be used to prevent freezing. It is probably true 
that concrete in buildings (especially those erected in cold weather) is much 
weaker than the tests on moist-cured samples indicate. It is very important 
that precautions be taken to supply plenty of moisture for curing. 

(13) The rate of absorption is always rapid until saturation point is nearlv 
reached. The rate of evaporation varies with the environment, but it is alwavs 
much slower than the rate of absorption. For two specimens of different sizes 
the difference in absorption rates is not important because they are both relatively 
rapid, but there is a distinct difference in the evaporation rates, the smaller speci- 
mens having the greater rate. 

(14) Autogenous healing will take place as long as moisture is present. It 

ceases whenever the concrete dries out, but will be resumed upon subsequent 
wetting. 
(15) No rule for the relation between 7-day and 28-day strengths will hold 
true for variable curing conditions since no fixed mathematical relation exists 
between 7-day and 28-dav strength for different curing conditions. In case of 
drv-air curing, for example, the 7-day and 28-day strengths are almost equal. 
Slater excludes his rule for use in any cases except those of standard curing. 
A rule could doubtless be devised for any one condition of curing. 

(16) The subject of curing can be condensed into a general law or basic 
principle that will enable the concrete practitioner to predict with reasonable 
accuracy the strength of an otherwise known concrete, under a variety of known 


or assumed curing conditions. 
Universal Curing Diagram. 


Conclusion (16) is illustrated on page боо. This figure seems to coverade- 
quately the whole problem of water and the curing process. It is not expected 
or claimed that the percentages as determined by a mortar series in Colorado 
climate will correctly fit апу particular concrete. But a similar chart can be made 
for any concrete that should serve as a universal curing diagram that will give 
reliable strength data for any probable “ water and air " curing condition. The 
strength scale may be in terms of any standard strength or percentage. 

In the early parts of the curve a slight difference in rate of drying will have 
a relatively large influence upon the location of the point of tangency between 
the drying curve and the upper envelope because the two curves are nearlv parallel. 
Further on, the probable error is not great. 
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UNIVERSAL CURING DIAGRAM : ILLUSTRATIVE GRAPH 

FOR PREDICTING RELATIVE COMPRESSIVE STRENGTHS 

OF MORTARS ANO CONCRETES AT ANY AGE ANO FOR 
ANY COMBINATION OF WET AND ORY STORAGE. 


CURING СОХСКЕТЕ. 


In connection with this diagram it should be emphasised that the large 
excess strength along curve O.1 over that along the standard curve OB is not 
generallv a usable gain because the differential simply represents a drying out 
process that is reversible. Any specimen of any strength along OB may have 
its strength increased to that of the point nearly directly above on O.4 curve 
by a few days of exposure to dry air. But any strength along OA will be reduced 
to the one below it on OB by a very short period of soaking. 

All specimens removed from moulds at 1 day. Wet stored in water 
upon removal from mould (standard condition). Dry stored in air upon 
removal from mould. Out removed from moist to dry storage at the age 
indicated. Іп placed in moist storage at the age indicated. 

The vertical scale will vary for different mixtures, etc. A single graph 
could be made to cover a wide range of usual mixtures without much error. 
The time scale could be extended by further experiment as far as desircd. The 
present graph is based on mortars 1: 2:5 by weight or I : 2:26 by loose volume. 


C = 0°70. 


Use of Graph.—Questions.—(1) What probable percentage of 28-dav stan- 
dard strength will be developed by this mortar in 2 weeks ? 

(a) If stored moist and tested wet ? 

(b) If stored moist and tested dry ? 

(c) If stored dry and tested dry ? 

(4) If stored dry and tested wet ? 

(2) What will be the percentage for I, 2, and 3-month strengths ? 

(a) If removed from water at 28-davs? (I) Tested dry? (2) Tested wet ? 

(b) If not placed in water until 28-davs old? (I) Tested dry? (2) Tested 
wet ? 

Results.—(1) Reading values directly from curves В, A, C, and С” at two 
weeks: (а) 75; (b) 112; (с) 45: (4) 40. 

(2) (a) opqr represents percentage strengths: (I) r-month test dry, 134: 
2 months, 145; 3 months, 149. (2) 1 month test wet, 100; 2 months’ wet 
= 145 — fq or more accurately, 


AB 
үүдэл ан 2 


(b) ost represents percentage strengths : 

(I) 1 month dry, 47; 2 months, 81; 3 months, 08. 

(2) т month wet, 47 — CC’ = 47 — 5 = 42; 2 months wet, 81 — CC’ = 76; 
3 months wet, 98 — 5 = 93. 


= 145 — 34 = III; 3 months wet = 149 — 30 = 110. 
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HOOPED CAST-IRON AND LONG-SPAN ARCHES, 


Hooped Cast-Iron and Long-Span Arches. 


AT a recent meeting of the Institution of 
Structural Engineers, Mr. R. N. Stroyer, 
M.I. Mech.E., read a paper on the use of 
hooped cast-iron reinforcement for long- 
span arches, which has already been re- 
ferred to at some length in this journal. 
In the course of his paper the lecturer 
said, tracing the history of the arch it 
was interesting to note the influence the 
choice of building material available at 
any period had on the shape, dimensions 
and general appearance of the arch, and 
it afforded food for thought that in 
certain respects the pendulum had swung 
back to the solid tvpe of arch with which 
the first beginning was made. The only 
materials at the disposal of the first arch 
builders were masonry or brickwork, and 
the only form of arch possible with brick 
or stone joined with mortar wasa solid 
arch of such dimensions that the thickness 
at any point was sufhcient to keep the stress 
line within the middle third, the material 
being unable to take tensile stresses. 
The solid arch held sway undisputed until 


the end of the eighteenth century when 
cast iron made its appearance as a bridge 
material. The comparatively light and 
elegant appearance of arches made in this 
material, combined with the greater lati- 
tude in span dimensions, due to the 
reduction of dead weight, gave rise to an 
extensive development in bridge con- 
struction with cast-iron arches with ribs 
and lattice work of a very pleasing descrip- 
tion. The introduction of wrought iron 
and steel gave the bridge builder a mate- 
rial equally good in compression and ten- 
sion and therefore ideal tor constructional 
purposes, and the advent of another 
material that would stand both tension 
and compression, reinforced concrete, to a 
certain extent turned the development 
towards the solid arch, and gave an im- 
pulse to the revival of this type of arch. 
At present steel and reinforced concrete 
were dividing the field between them, 
each having certain advantages and 
drawbacks, but, without going into the 
usual arguments as to cost, permanence, 


y= Stress Increase by 50% Increase in Live Load 


$7 Decrease in Safety factor 
Fig. 1. 
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Fig. 


upkeep, etc., there was one aspect which 
was sometimes lost sight of in regard to 
the dead load of the structure. While 
it was true that for very long spans 
steel had the advantage of a comparatively 
small dead load, it was nevertheless a 
fact that for spans where reinforced 
concrete could compete in cost with steel 
the greater dead load of the former was 
an asset often overlooked, a very valuable 
asset indeed. In view of the increase in 
the volume of traffic from year to year, 
a contingency that had to be faced in 
any new bridge construction was the 
probable increase in live load in the 
course of a few years. If this increase 
in live load meant a considerable increase 
of stresses in the bridge a reconstruction 
might be necessarv, and that was where 
the greater dead load of reinforced con- 
crete was of value. 

A graph would illustrate the circum- 
stances better than words and Fig. 1 
showed the relation between a 50 per cent. 
live load increase and the corresponding 
stress increases in bridges having various 
ratios D.L of dead load to live load. For 
a theoretical dead load of zero the stress 
increase would be 50 per cent., and the 
corresponding decrease in factor of safety 
33 per cent. ; for steel structures where 
D/L was between 4 and 14 the stress 
increase was between 33 per cent. and 20 
per cent., and the corresponding decrease 
in factor of safety as 25 per cent. to 17 
рег cent., and only when D/L became 
higher than 2 the effect of the live load 
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increase became sma!] enough to neglect. 
From Fig. 1 might be found the D/L ге- 
quired for the condition that the stress 
increase must not exceed то per cent.—é 
dead load of 4 times the live load secured 
this. А то per cent. increase in a ге 
inforced concrete arch would not mean 
any danger, especially as the time-factor 
had probably increased the strength сі 
the material, but a 25 per cent. increas 
in a steel structure might mean recon- 
struction. For the latter structure to 
be virtually comparable with the rem- 
forced concrete arch it should really 
have a factor of safety correspondingly 
higher. 

While the greater dead load of ге 
inforced concrete might thus be an 
advantage for what might be termed 
medium spans, it certainly imposed à 
limit on the development of the long- 
span arch in reinforced concrete, fur 
various reasons. The cost of the founda- 
tions became a factor of importance. and 
the falsework for the arch might assume 
such proportions that this item alone 
might turn the scale against reinforced 
concrete. 

In order to overcome these difficulties 
designers had turned their attention In 
two directions; first, cutting down the 
dead load by splitting up the arch nng 
into ribs, flanges and lattice work; and 
second, by making use of a self-supporting 
system of reinforcement from which the 
falsework might be slung. The latter 
system was originated Юу Professor 
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Melan, and had found widespread use in 
cases where the temporary staging and 
falsework would otherwise have put 
reinforced concrete out of court. 

In spite of these remedies it might be 
said to be characteristic of the present 
situation that reinforced concrete arches 
of 300-ft.-600-ft. span were spoken of as 
curiosities rather than commonplaces. A 
good many of the older engineers pre- 
ferred steel because they were more 
familiar with that material and often 
looked with suspicion on reinforced 
concrete arches, especially with fixed 
ends, a condition which was sometimes 
thought to require something in the way 
of rock foundations, whereas fixity could 
be obtained under very poor foundation 
conditions. An example was an arch 
of 175-ft. span over the River Main 
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(Fig. 2), where timber piles provided 
all that was required. Warrington 
Bridge, of 134-ft. span, was another 
example of a fixed end arch on piled 
foundations. 

Among the important large span arches 
built during recent years might be men- 
tioned a 300-ft. span arch over the Tiber in 
Rome, designed by Hennebique before the 
war as a kind of fixed end cantilevers carry- 
ing the middle portion. In America there 
was the 370-ft. span arch over the Missis- 
sippi, near Minneapolis, whereas a 400-ft. 
span might be found in France at St. 
Pierre du Vauvray (Fig. 3). In the 
latter could be seen how the designer had 
lightened the arch ring by splitting it up 
into a hollow tube, while a smaller 
example (Fig. 4) represented another 
method of lightening a 125-ft. arch, at 


Fig. 4 
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Aubigny-au-Bac, where the designer, 
M. Lossier, had introduced lattice work 
connection between the top and bottom 
boom. 

The idea of forming the arch ring as 
a hollow tube had been followed by M. 
Freysinnet in a second large-span bridge 
now under execution over the river 
Elorn, near Brest, where there were three 
spans of about боо ft. For further 
particulars of this structure see Concrete 
and Constructional Engineering, December 
1926. 
_ No one could deny, however, that when 

they had to deal with such long spans 
the reinforced concrete arch began to 
show signs of heaviness. How the dead 
load began to be troublesome at large 
spans might be evidenced by a scheme 
submitted for a 525-ft. span at Arsta, 
near Stockholm, where the crown section 
of the arch ring was no less than 15 ft. 
by 6 ft., and would therefore require 
something rather elaborate in the way 
of falsework. 

There was an economic limit to the 
span after which the increase in dead 
load overpowered the increase in carrving 
capacity ; that might be said to be due 
to the fact that concrete in itself was 
a somewhat bulkv compression medium, 
even making full allowance for the excel- 
lence of modern cement, the increase in 
strength by hooping, etc. Even if thev 
succeeded in increasing the working 
stress of concrete up to double what was 
now allowed by the usual regulations, 
and in addition made use of compression 
steel, they still suffered from working 
with too bulky a compression medium. 
If the compression strength of the concrete 
could be intensified, the dimensions of 
arches, which were, of course, mainly 
compression members, could be cut down 
and the designer freed from the millstone 
of dead load. 

It was with a view to attaining this 
end that another compression reinforce- 
ment had been introduced and tried, in 
the form of cast iron, and its use had 
resulted in the development of many 
striking and novel features. The use of 
cast-iron reinforcement was not new— 
arch bridges were executed in that wav 
more than a dozen years ago—but he 
did not think anything had been done 
in this country with cast-iron reinforce- 
ment. Cast-iron was first introduced as 
reinforcement by Dr. Emperger, of 
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Vienna. During his experiments апі 
tests he had two main principles in mind 
as the basis of his new departure, one th« 
fact that cast iron was an ideal com- 
pression medium, stronger than steel and 
cheaper in cost, the other was the postu- 
late that the co-operation of concrete 
and cast iron was a far more intimate 
one than that suggested by the usual 
factor m =15, and that therefore cast 
iron could be utilised far better than this 
assumption would warrant. 

As the result of a great number oí 
tests carried out on concrete and cast 
iron, Dr. Emperger had established that 
in most cases it was safe to reckon 
т =40. Witha concrete stress of боо lbs. 
per sq. in., he would thus have a cast-iron 
stress of 10 tons per sq. in., which, o: 
course, would utilise the cast-iron sectior 
fairly well, but not up to the economi 
limit, in view of the fact that cast iron 
might be stressed to 55-60 tons рег sq. 
in. ultimate. А certain amount otf 
hooping was therefore introduced, which 
served two purposes: first, to increa« 
the compression strength of the concrete: 
and second, to reduce the brittleness oí 
the cast iron. The hooping produced an 
external pressure on the concrete and the 
cast iron, comparable with a liquid 
pressure, which altered the properties о! 
the hooped members, especially in regard 
to brittleness, so much so that they could 
actually bend without breaking. 

It would be seen that with the high 
utilisation of the cast-iron reinforcement 
the latter played a very much greater 
part in the total compression capacity of 
the member than in ordinary reinforced 
concrete, and it was almost necessary to 
conceive the former reinforcement m 
other terms than the usually accepted 
ones ; in reinforced concrete compression 
members the concrete was the main 
thing, and the small percentage of steel 
increased the compression capacity only 
slightly, whereas with this other tvpe oi 
reinforcement the cast iron was made to 
carry the main portion of the load and 
was reinforced by one-fortieth of the con- 
crete area. The higher m was taken the 
smaller was the part plaved bv the 
concrete, and the sooner was the limit 
reached for the full utilisation of the cast 
iron. 

The maximum load that could № 
carried by a given section of cast iron 
was a constant, and had no relation te 


the value of m, which was variable because 
the concrete varied. With a smaller » 
the total compression capacity was greater 
and the concrete should therefore be 
hooped in such a way that it might be 
compressed sufficiently to allow the cast 
iron to develop the high compression 
stress desired. 

By numerous tests on hooped cast iron, 
Stressed not only in compression but in 
combined bending and compression, it 
had been found that whereas for low 
stresses m might have a small value, the 
latter rose with increasing load, and 
might attain a value of about 5o at 
breaking load, so that with increasing 
load the cast iron took over a larger 
proportion and relieved the concrete 
correspondingly. 

When dealing with eccentric loads, as 
in arches, the fact that the cast-iron re- 
inforcement was butt jointed, and there- 
fore unable to take tension, might appear 
at first sight to be a disadvantage, but 
was really a help to the designer, inasmuch 
as the inertia moment of the section was 
influenced by the predominating cast iron 
in compression, and with increasing 
stresses the centre of gravity was gradu- 
ally moved towards the eccentricity, 
decreasing the latter, and thereby also 
any tension stresses, so that it was 
comparatively easy to keep the forces 
within the kernel of the section and 
eliminate wholly or partly the tension 
stresses. 

Combined bending and compression 
tests had demonstrated these circum- 
stances very clearly. The February and 
September numbers of Concrete and 
Constructional Engineering for 1926 con- 
tained reports of two tests carried out at 
the instance of the Austrian building 
authorities to satisfy them as to the 
safety of this method of construction. 
There, like here, they had reinforced 
concrete regulations which did not provide 
for cast iron as reinforcement, but there 
was a redeeming paragraph in the Austrian 
regulations which provided for satisfying 
the requirements of the authorities by 
tests under actual working conditions of 
any part of the structure the design of 
which did not come within the scope of 
the regulations, the test load being three 
times the working load. 

The difficulty in introducing this new 
combination of materials had been, that 
it was only for very heavy columns or 
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very long-span arches that its advantages 
showed up—for smaller loadings ге- 
inforced concrete came out as cheap, 
and was, of course, more familiar to most 
engineers, so that instead of beginning 
at the bottom with light columns and 
small arches, hooped cast iron had to 
make its way by engineers having the 
courage of their convictions and using it 
straight away on large spans or heavy 
columns where they reaped the benefit 
of a very considerable saving in dimen- 
sions and dead load, so much so that 
there was almost the same relation 
between hooped cast iron and reinforced 
concrete as between the latter and plain 
concrete. If, for instance, an 18-іп. 
column in plain concrete could take 
27 tons, the 15-in. core in a reinforced ` 
concrete column of best quality could 
take 81 tons if hooped with the L.C.C. 
regulation volume, and each I per cent. 
of longitudinal steel would add about 
8 tons carrying capacity, so that with 4 
per cent. additional steel the carrying 
capacity was 115 tons, whereas each 
per cent. of cast iron was capable of carry- 
ing 31 tons. A 4 percent. reinforcement 
would therefore give 207 tons, or nearly 
twice the carrying capacity of the 
reinforced concrete column. 

Whereas there was an economic limit 
to employing compression steel, cast iron 
might be used in far higher percentages, 
and їо per cent. was not unusual in 
column construction in order to reduce 
the scantlings ; with this percentage the 
cast iron would be capable of carrying 
315 tons, and the total capacity would be 
396 tons. The essential difference be- 
tween the two columns was seen from this 
example; in the last case the cast iron 
did 8o per cent. of the work, whereas in 
an ordinary reinforced concrete column, 
where the percentage would probably not 
exceed 2, the concrete did 75 per cent. 
of the work. The hooped cast iron 
approached the steel structure in its 
natural properties, its weight and its 
slenderness. The steel bridge shown in 
Fig. 5 might be compared with Fig. 6 
which gave the general proportions of its 
counterpart in hooped cast iron—the arch 
of the latter was if anything more slender 
than the steel arch, and it would be 
noticed that no cross bracing was neces- 
sary. A still better example of the 
slenderness of a hooped cast-iron arch 
of 175-ft. span was given in Fig. 7; that 
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Fig. 12. 


full use was made of fixity was best 
shown by the slim crown and the com- 
paratively deeper springing. When com- 
paring this with a view of an ordinary 
reinforced concrete railway bridge of 
exactly the same span (fig. 8), the 
great difference in slenderness would be 
apparent ; although he (the lecturer) was 
responsible for the design of this bridge 
he did not mind admitting that the 
comparison was odious, but it was built 
, 


before hooped cast iron was used for this 
kind of work, and it had to satisfy certain 
conditions as to tensile stresses in the 
concrete. 

For smaller spans where admittedly the 
use of hooped cast iron showed по econo- 
mic advantage, there was not much 
difference in the proportions between the 
former and reinforced concrete, but for 
spans over 200 ft. hooped cast iron 
began to show an advantage. Fig. 9 


if YAYA 


=н 


Fig. 14. 


gave a view of a 235-ft. span arch recently 
completed at Trauen, in Austria. Fig. 10 
was a section and elevation; Fig. II 
gave some reinforcing details where the 
cast-iron reinforcement and the hooping 
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were shown, together with the small 
amount of tensional steel required. The 
reinforcement was shown temporarily as- 
sembled in the foundry before dispatch 
(Fig. 12), and in position in the mould 
in Fig. 13, which gave a good idea of 
the extent of falsework for even such a 
light bridge as that. The two ribs were 
clearly seen with the reinforcement, of 
which a close view was given in Fig. 14, 
where the cast iron and its hooping were 
seen. Fig. 15 showed an arch of 250 ft. 
span over the river Spree, also in hooped 
cast iron. 

Fig. 16 gave the dimensions of a scheme 
for a 650-ft. span arch over the Danube 
where the arch consisted of two sets of 
twin ribs, each reinforced with sectional 
steel in the form of a self-supporting arch 
girder from which the centering might 
be suspended, and supplemented with 
cast iron hooped on Dr. Emperger’s 
method. The individual ribs were about 
3 ft. wide by 8 ft. deep. The general 
arrangement for the execution of the 
scheme was shown in Fig. 17, where the 
suspension of the arch girders and the 
transport cables were seen. 

With a view to training the information 
available on the subject into official 
channels, and to prove definitely the 
various formule put forward by Dr. 
Emperger, the Austrian Concrete Com- 
mittee had caused a number of tests on 
columns to be carried out under official 
supervision, mainly with a view to giving 
a clear insight into the effect of hooping, 
both of concrete and of cast iron. Those 
tests were a continuation of a series that 
were undertaken during 1906-10, and 
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dealt with the two important questions 
in column construction, the hooping and 
the longitudinal reinforcement. The re- 
port of the Committee had just been 
published, and as the result of about 
50 tests arrived at some important 
conclusions. 

Since Considére invented and developed 
hooping the effect of this method of rein- 
forcement had been taken into account and 
embodied in most concrete regulations, 
the effect being most frequently expressed 
as a function of the quality of the concrete 
and the volume of the hooping, whereas 
the qualitv of the hooping was not taken 
into consideration. The effect, according 
to the latest report, was, however, found 
to be practically independent of the 
quality of the concrete, but depending 
very greatly on the quality of the hooping 
material. The recommendations of the 
committee were based upon a series of 
interesting observations and теаѕиге- 
ments of the lateral expansion of the 
concrete under pressure and the yielding 
of the hooping steel. With one of the 
new formule in the report it was even 
possible to determine the quality of the 
hooping wire in the earlier tests, which 
was not investigated at the time. 

With regard to the question of longi- 
tudinal reinforcement, the new tests 
proved that the usual limit of 3 per cent. 
steel laid down in many regulations 
might be substantially increased, and 
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that even at a percentage of то the steel 
acted together with the concrete in the 
required manner. This was of importance 
in view of the use made of sectional steel 
cased in concrete, and while at present 
the building regulations in this country 
did not recognise this collaboration of 
concrete and steel, there was sufficient 
material at hand in the way of numerous 
tests to prove that it was quite safe to 
assume that collaboration. Dr. Emperger 
showed in 1909 that a steel column built 
up of angles and lattice bracing was very 
considerably strengthened by the concrete 
casing, and with regard to recent experi- 
ments on this question he referred to the 
reports by Mr. E. S. Andrews in Concrete 
and Constructional Engineering for August, 
1923, and January, 1924, and by Dr. 
Oscar Faber in the same journal for 
December, 1924, the latter report dealing 
with Col. Mitchell Moncrieff's experiment 
on columns. The latter was interesting 
in more than one way, inasmuch as the 
actual distribution of the load between 
concrete and steel was measured, and 
this gave a ratio between the steel and 
the concrete stress of about 20 in one case 
and 3o in the other. 

In continuation of the Austrian tests 
with steel reinforcement, similar experi- 
ments were made with columns reinforced 
with 5 per cent. to то per cent. of cast 
iron, and it was shown that the cast iron 
sections increased the carrying capacity 
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of the column according to the formula 
proposed by Dr. Emperger as the '' law 
of addition." and also that a modular 
ratio of 15 did not apply. Fig. 18 
illustrated the ‘‘ law of addition,’’ accord- 
ing to which the force necessary to com- 
press a compound section a certain 
amount was the sum of the forces neces- 
sary to compress each member of the 
section the same amount. The com- 
pression deformation was shown as 
ordinates, the forces as abscissa, and for 
each member of a compound section the 
compression curve was shown, giving the 
corresponding values of forces and defor- 
mations. Thus a deformation C required 
the force P, in the case of a concrete 
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section, whereas a I per cent. mild ste! 
reinforcement required the force P, апі 
the combination of the two required th. 
fore Р-Р,-Р, P, was the fore 
required to compress а IO per cent. m:!: 
steel reinforcement and P, the force f: 
a 9 per cent. cast-iron reinforcemen' 
whereas P" and Р” were the fone 
required respectively for the combinatier- 
of concrete and Io per cent mild ste! 
or P,+P,—and concrete and I per cen: 
mild steel and о per cent. cast iron, :: 
Pot Pit P 

The observations made during the cor- 
pression tests fully corroborated thi. 
Six of the columns were numbered 7.54 
9 in one group and 21, 23 and 24 in another 


Loads in fons 


group, the two groups being identical 
except for the provision of cast-iron rein- 
forcement in the last group. Columns 7, 
8 and 9 were circular with the same 
longitudinal mild steel reinforcement 
consisting of four round bars, and hooped 
with $ per cent., I per cent., and 2 per 
cent. respectively in high tensile wire. 
Columns 21, 23 and 24 were identical, 
but had each a 1o per cent. additional 
cast-iron reinforcement consisting of four 
bars of x section. 

Fig. 19 showed the plotting of the 
compression curves, the first group, 
(7-8-9) being shown on the left, where 
the compression in  millimetres was 
plotted as ordinates and the force re- 
quired for the compression, in tons, as 
abscissa. The ultimate loads on 7, 8 and 
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9 were 31 tons, 54 tons and 80 tons respec- 
tively, of which the concrete alone carried 
about 17 tons and the longitudinal mild 
steel reinforcement about 8 tons in each 
case. The effect of the hooping was an 
increase of 6 tons, 29 tons, and 55 tons 
in the three cases, the latter with an 
expenditure of 2 per cent. high tensile 
steel. In passing, it might be mentioned 
that a mild steel hooping of 2.3 per cent. 
in one of the other tests, gave an increase 
of 13 tons only. The next group, 
(21-23-24) was shown further to the right, 
the ultimate loads in this case being 
126 tons, 174 tons and 177 tons respec- 
tively, the increase being due to the only 
new factor, the cast iron. 

The observation curves plotted showed 
a fairly uniform course of the stress-strain 


Fig. 22. 
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line, but the most interesting fact in this 
connection was the plotting of the cast- 
iron stress-strain line on the right-hand 
side of the figure, found during an inde- 
pendent test, and together with it the 
three curves found as difference between 
the two groups. The three curves ap- 
proached very closely the actual cast- 
iron line, allowing for inaccuracies in the 
observation figures. Below the absciss= 
line the corresponding lateral expansions 
were plotted, and it was interesting to 
see how, with the introduction of the 
cast-iron member, the course of the 
curves became much more regular. Ет- 
ally the ratio between longitudinal and 
lateral deformation was plotted at the 
bottom of the figure, and it would be seen 
that the lines converged towards the 
value 4. 

Throughout the tests it became appar- 
ent that the function of the cast iron, 
apart from load-carrying, was that of an 
equalising agent, making the course of 
the plotted stress-strain lines more uni- 
form. The introduction of the cast iron 
produced similar phenomena to those 
occurring in the tension zone of concrete 
by the introduction of tension steel. The 
latter did not alter the tensile strength of 
the concrete, but distributed the extension 
along the whole of its length so that local 
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overstrain and consequent cracks were 
avoided. Similarly, the action of a high 
compressive member in a concrete column 
consisted in equalising the irregularities 
in the latter. When, during compression. 
the ultimate strength of the concrete 
itself was being approached, the irregu- 
larities began to show themselves, and, 
in the case of ordinary hooped concrete, 
generally resulted in one-sided deforma- 
tion, when whipping of the column and 
buckling soon supervened. 

The cast iron decreased and distributed 
the great deformations occurring when the 
yield point of the concrete was exceeded, 
and which would otherwise lead to the 
destruction of the concrete. Оп the 
other hand, the cast iron, reinforced b: 
the concrete and the hooping, developed 
novel properties when exposed to the 
heavy loads of the tests, and both the 
concrete and the cast iron were able to 
withstand quite considerable bending 
without breaking. Knowing cast от 
as the brittle material it was, he thought 
they would agree that Fig. 20, show- 
ing Column No. 24, after the remova! 
from the test press, was very remarkab!: 
indeed. The shape of the column spoke 
for itself, and they had to remember 
that inside that column were four ordinary 
cast-iron bars; when the concrete was 


Fig. 


removed (and this operation bv the way 
showed it to be quite good in spite of the 
enormous load it had been subject to), the 
cast-iron bars were seen to be unbroken 
(Fig. 21), but bent to the curve shown. 

Fig. 22 showed some of the cast-iron 

bars used in some of the test columns 
without hooping, and showed that there 
was no bending in this case, but a sudden 
break. 
. Figs. 23 and 24 showed photographs 
just obtained of two bridges in hooped 
cast iron, recently completed, the Purg- 
stall Bridge of 115-ft. span, and the 
Scharnstein Bridge of 200-ft. span, both 
in Austria. 

During the discussion which followed 
the paper, the lecturer pointed out that 
the figure » was not the modular ratio, 
but the ratio between the ultimate 
Strengths of the materials in question ; 
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the elasticity modulus of cast iron was 
about 15 million Ib. per sq. in., and that 
of concrete from 2 to 4 million Ib. per 
sq. in., so that the high figures of 40 to 
50 and even more could not be the 
modular ratios. 

In reply to a question on the quality 
of the cast iron used, it was explained 
that it was not malleable, but a high- 
carbon hard grey iron. 

The cement used was not aluminous, 
and could therefore not have generated 
any heat that might tend to anneal the 
castiron ; both the cement and the result- 
ing concrete were, in fact, rather poor, 
the concrete having a cube strength of 
less than 2,000 Ib. per sq. in. 

The movement of the gravity centre 
of the section with increasing load was 
explained by the variation of » with the 
intensity of stress. 
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SURFACE TREATMENT OF СОХСКЕТЕ. 


Surface Treatment of Concrete. 
INTERESTING METHOD ADOPTED ON LARGE LONDON BUILDING. 


THE extensions to Lewisham Hospital, 
illustrated herewith, are of particular 
interest owing to the method of surfacing 
Messrs. |). 
Douglass Mathews, Son & Ridley, while 
desiring something cheaper than natural 
stone or brick, but being averse to arti- 
ficial substances, decided to express the 
concrete itself on the face of this rein- 


adopted. The architects, 


forced concrete building. 
The first steps taken were to re-design 


reinforced concrete engineers for the 
extensions, placed their resources at the 
disposal of the architects for the necessary 
experiments. In order to give the re- 
quired contrast with the bricks for the 
window panels, it was thought that grey 
cement would be too dull, so it was 
decided to use white Portland cement. 
It was then necessary to select aggregates 
which would not contrast too severely 
with the cement but at the same time 


Extensions to Lewisham General Hospital. 


the elevation of the building, as it was 
recognised that the use of concrete must 
necessarily enforce different principles 
based upon the design and methods of 
construction of reinforced concrete. The 
whole façade, therefore, was designed 
perfectly flat, relieved by bold projecting 
bays utilised in the internal planning. 
Any monotonous flatness was relieved by 
bold horizontal stringcourses running the 
whole length of the building and decorated 
with fluting of shallow depth. 

The next thing that had to be con- 
sidered was the required texture, and the 
Trussed Concrete Steel Co., who were 


give a soft bright effect. After a very 
large number of tests a sample was 
selected containing white spar, Mont- 
sorrel granite, and blue granite, each in 
various grades. After further experi- 
ments it was decided to treat the surface 
with a wire brush so as to remove the 
cement scum and expose the aggregates 
in preference to any form of hammering 
or tooling. 

These experiments took a considerable 
time before sufficient certainty was 
attained to warrant a departure from 
ordinary methods. The plans had then 
reached such a Stage that it was not 
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possible to use the system, as was 
intended, with a reinforced concrete 
frame. Modifications were therefore 


made to render its application suitable 
for casting against a stock brick backing, 
leaving the full scheme to be carried out 
on the garage which was erected entirely 
in reinforced concrete. This garage, 
which is situated at the side of the 
hospital, has accommodation for 18 
motor ambulances. 

The centering for the concrete was con- 
structed in the ordinary way with the 
exception of that in contact with the 
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upwards, allowing the two wet mixtures 
to flow together but always keeping at 
least 3 in. of plate embedded in concrete 
to form a bottom fixing for subsequent 
lifts. 

The secret of success in obtaining a 
good face lies in the accurate grading and 
even mixing of the facing concrete, in 
placing the concrete in a fairly dry state 
so that the larger stones do not tend to 
sink to the bottom, in even tamping in 
small lifts, and in removing any scum 
which may rise to the top at the com- 
pletion of each 2-ft. lift, or particularly 
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Reinforced Concrete Garage at Lewisham General Hospital. 


face, which was erected in not more 
than 2-ft. lifts and temporary wedges 
were used to keep it 2 in. from the main 
reinforcement. Special care was taken 
with the face timbering to ensure it being 
cleanly wrought and truly fixed; 16- 
gauge steel plates 2 ft. 6 in. long and 
about 3 ft. wide were then placed edge 
to edge between the face shutter and the 
reinforcing steel and lightly wedged up 
to the latter, leaving a continuous space 
of about 1} in. between the plate and 
the shutter. The special facing concrete 
was placed first and the ordinary struc- 
tural concrete afterwards, keeping the 
latter always 6 in. below the level of the 
former. Аз the concretes were poured 
the steel plates were drawn vertically 
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at the end of each day's work. Тһе first 
layer after a stop should be placed slightly 
wetter and very thoroughly tamped. The 
face centering should be removed as early 
as possible and the concrete treated with 
a wire brush to the desired texture. И 
any blemishes occur they should be filled 
immediately after the concrete is brushe! 
with the screenings from the dry concrete 
according to the gauge required. 
Difficulty was experienced in arrang- 
ing for the shutters to be struck at the 
right time for the brushing operation, but 
since this work was completed a liquid 
has been placed on the market which 
when painted on the centering retards the 
set of the cement coming in contact with 
it so that a much wider range of time 15 
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allowable, and the work of brushing is 
made easier, thereby facilitating more 
accurate results. 

A great deal of work yet remains before 
this new method of finishing cast in-situ 
concrete will reach that stage of perfec- 
tion attained by the older building 
materials, but the results have fully 
justified the labours expended on it. At 
a cost of considerably less than half that 
of Portland stone a result has been 
achieved that is fully worthy of the 
occasion. 

There is no doubt that concrete faced 
by this method will last as long as 
ordinarv Portland cement concrete. 


EARLY HIGH-STRENGTH CONCRETE. 


Quite pleasing results can be obtained 
by carefully grading the ordinarv aggre- 
gates in the concrete without utilising 
a layer of special concrete. In such a 
case the cost is still further reduced. 
Special laver concretes are only necessary 
for buildings of considerable architectural 
importance, and ordinary concrete can 
be made to give an effect in every wav 
suitable for industrial purposes. It is 
important to emphasise that the two 
layers of concrete remain such only during 
casting and that as soon as the temporarv 
steel plateis removed they flow together and 
set asone mass without a mechanical joint. 

The contractor was Mr. Albert Monk. 


Early High-Strength Concrete. 


Mr. JOHN S. Lain, of Toronto, writes : 


“Тһе writer was superintendent on а 
ten-story reinforced-concrete factory 
building, and, in the course of construc- 
tion, 1t was found imperative to pour the 
boiler room walls in a hurry to prevent 
а ‘cave-in’ of the excavations, which 
were 20 ft. below grade. Наа this 
happened, several houses would have 
gone too, and also endangered ап ad- 
jacent factorv. 

'" Forms for the walls were speedily 
erected in the usual manner, and the con- 
creting commenced. 

“ First, a r: 2 mix of Portland cement 
and sand was poured ' soupy ' all around 
the walls to a depth of about 3 ins. The 
real 1: 2: 4 mix was then poured in the 
following manner: 

‘The usual amount of mixing water 
was decreased until the resultant con- 
crete was not a 'soft' mix nor vet a 
‘harsh’ one, but a ‘ rolling concrete,’ 
just workable, and of this water 4 gall. 
per bag of cement was replaced by 4 
gall. of commercial calcium chloride 
(CaCl,) solution made up in the pro- 
portion of one pail CaCl, to two pails of 
water. The mixing time was increased 
to 14 minutes after all materials were in 
the drum. 

“ Sixty-five cubic yards were poured 
to complete the walls on a Saturday 
afternoon, and during the pour three 
test cylinders were taken. On the next 


day the top of the wall was flooded, and 
the forms thoroughly wetted. On 
Monday morning thé forms were stripped, 
and a test cylinder broken at noon gave 
a compressive strength of 1,820 lbs. рег 


sq. inch. The cylinder was less than 
44 hours old. 
‘The excavations between the out- 


side walls and bank were filled in during 
the afternoon, the walls taking all the 
stress. For three days the inside and 
top of the wall were thoroughly cured bv 
sprinkling water over them. The average 
temperature during the week-end was 
70 deg. F. 

“ The rules for early high-strength 
concrete are as follows: 

“ (1) Decrease the usual amount of 
mixing-water generally used ; 

“(2) Hold half a gallon of calcium 
chloride solution, made in the proportion 
of 1 calcium to 2 of water ; 

' (3) Increase the mixing time as long 
as possible ; the longer the better up to 
five minutes ; 

“ (4) Place the concrete at 70 deg. F. 
and keep it so for two or three days ; 
this can be done easily and cheaply in 
winter by pre-heating the aggregates, 
running a perforated steam pipe through 
the pile, heating the water to about 
Ioo deg. F., and covering the work as 
soon as placed ; 

“ (s) Keep the concrete moist ; more 
good potential concrete is spoiled by lack 
of curing than any other single item." 
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NEW SPECIFICATION FOR CONCRETE. 


NEW SPECIFICATION FOR СОХСКЕТЕ. 


New Specification for Concrete in French 
Factory. 


THE construction of a new factory at 
Auneuil (Oise) is notable on account of the 
use of a new specification for the rein- 
forced concrete. Experiments carried 
out during late years have shown that 
the specification. of so many pounds 
weight of cement to a cubic yard of 
finished concrete and a predetermined 
volume ratio of sand to coarse aggregate 
are not alone a guarantee of the strength 
of the resulting concrete. For this 
reason the consulting engineer, M. G. 
Magnel, of Ghent, decided to impose a 
specification of a more modern nature on 
the contractors. 

The building, of which we reproduce 
illustrations from “Ге Génie Civil," was 
designed to contain a furnace and three 
drving-floors. As it was essential that 
the ground floor should be free from ob- 
structions, no intermediate columns were 
permitted. Neither was it possible to 
span the distance of 40 ft. by ordinary 
beams, so the three floors were suspended 
from the main roof frames, which were 
made suitably strong. 

In plan the building measures about 
312 ft. bv 104 ft., and consists of a central 
portion supported by columns at 4o-ft. 
centres and of two low wings each of 29 ft. 
span. 

The main frames are hinged at their 
bases and have ties both at the second- 
floor level and half way between this floor 
and the roof. The frames are spaced 
about 11 ft. apart and connected by rein- 
forced concrete purlins on which the 
rafters and tiled roof are supported. 
There is an expansion joint near the 
middle of the building. The live load on 
the floors is 125 lbs. per sq. ft. 

The specification contains several not- 
able clauses of which the following sum- 
mary gives some indication. 

(1) The allowable stress on the concrete 
in the columns shall not exceed 0:24 of the 
crushing strength of the concrete at seven 
days, on 8-in. cubes made on the job, nor 
in any case 720 lbs. per sq. in. 

(2) For the slabs and frames these 
figures are to be replaced by 0:28 and 
920 lbs. per sq. in. respectively. 

(3) The contractor shall exercise his 
own choice of the fine and coarse aggre- 
gates and the relative proportions of these, 


the weight of cement per cubic vard of 
concrete, as well as the consistency of the 
mix. He shall, however, be limited by 
the following restrictions. 

(a) Theratio between the weight of 
cement in kilos and the volume of 
water in litres shall not be less than 
1:85; 

(b) The ratio between the volume 
of fine aggregate (that is, the material 
smaller than 4-4. ring) and that of 
the gravel or broken stone shall be 
between 0-5 and го; 

(c) The slump shall not exceed six 
inches ; 

(d) The crushing strength at seven 
days of 8-in. cubes cast in metal 
moulds on the job shall be not less 
than 3:5 times the figure taken by 
the contractor as the safe working 
stress. 

(4) The cement used shall be rapid- 
hardening Portland cement. 

The specification is based on the fact 
that the strength of a concrete of a given 
age depends on the weight of cement used 
and on the quantity of mixing water per 
cubic yard. That is, of course, within 
reasonable limits. Following Bolomev's 
formula that /, = K (= —о-5о) where 
C — wt. of cement in kg. and E — volume 
of water in litres, and taking K = 200 
Ко, ст? for French  rapid-hardening 
Portland cements, we get (remembering 
that C — E shall be not less than 1-85) 

f. = 200 (1:85 — 0:50) = 270 kg, cm? 

= 3830 lbs. /sq. in. 
As the law only purports to give f. to 
within то per cent. we take 245 kg;cm?. 

Then 0:28 х 245 = 68 kg;cm?, which 
is about the maximum stress allowed. 

M. Magnel foresees the time when the 
contractor will be penalised for anv 
notable decrease in the strength of con- 
crete below what is specified. On this 
particular job the concrete was of 
much higher strength than = actually 
required. No doubt this was due to the 
contractor's want of knowledge of this 
method of designing concrete mixes and 
his desire to be on the safe side. Evi- 
dently he used a higher value of C — Е 
than was necessary.—W. 5. G. 
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HIGHWAY BRIDGE OVER THE RIVER MARNE. 


Highway Bridge over the River Marne. 


THE reinforced concrete highway between 
Jaulgonne and Varenne over the river 
Marne, in the Department de l' Aisne, has 
a clear span of 246 ft. and consists of a 
three-hinged arch with suspended road- 
мау. 

Ihe masonry abutments of the previ- 
ous bridge have been preserved in their 
entirety and enlarged as necessary for 
compliance with the designs for the new 
bridge. The additions to the abutments 
were carried out in mass concrete faced 
with pre-cast concrete with joints similar 
to those in masonry work. 

At each abutment there are two hinges, 
of the Mesnager type, for the articulation 
of the two arch ribs. The springings for 
the arches are in reinforced concrete and 
project as cantilevers from the inner face 
of the abutments. The articulations pro- 
per are formed by a series 110 bars of 
30 mm. diameter arranged in pairs and 
crossing at the point of articulation, the 
ends of the bars being embedded for a 
length of 1:20 m. in the concrete of the 
arch ribs and the springings respectively. 
The hinge at the crown of each arch rib is 
formed by two steel castings providing a 
bearing for a steel roller of 14 cm. dia- 
meter (see Fig. 1). 


The arch ribs are 60 cm. wide through- 
out their length by 1-70 m. deep at the 
springings, where they are connected by 
a beam, 2 m. in width by 1:62 m. in 
depth, strongly reinforced in the tension 
and compression areas. The ribs are 
pierced by openings, as shown by Fig. 1, 
with the objects of keeping down the dead 
weight and of avoiding the cost of un- 
necessary material. It will also be 
noticed that the depth of the ribs increases 
from the springings to a point midway 
between them and the crown, and then 
decreases towards the central hinge, 2-40 
m. being the maximum depth of each rib. 

Spaced 5:90 m. apart between their 
interior surfaces, the ribs are connected at 
intervals of 2:75 m. by transverse brac- 
ings. These members, 25 cm. Бу 80 cm. 
in cross section at the middle, are in- 
creased to 1:70 m. in depth at the ends to 
form rigid connections with the arch ribs. 
The vertical members for support of the 
roadway are also spaced 2:75 m. apart ; 
their cross section is octagonal in shape, 
measuring 35 cm. by 50 cm. and their 
height varies according to the curve of 
the arch ribs. Each pair of verticals is 
connected by transverse girders, the ends 
of which are continued as cantilevers for 


Fig. 1.—Steel Hinge at Crown of Arch Rib. 
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HIGHWAY BRIDGE OVER THE RIVER МАКХЕ. 


Fig. 3.—Formwork in Position. 


support of the footpaths carried along 
each side of the bridge. The transverse 
girders measure 30 cm. wide by 80 cm. 
deep, and the cantilevers, which project 
1:70 m. beyond the outer face of the ver- 
tical members, are 20 cm. wide, with a 
maximum depth of 95 cm. 

The upper bracings, the transverse 
girders, and the vertical members consti- 
tute indeformable frames which are in 
themselves sufficient to assure the trans- 
verse rigidity of the construction. Asan 
additional precaution, however, the arch 
ribs are further stiffened by horizontal 
wind bracings crossing diagonally from 
the corners of each panel formed by the 
upper bracing members, but at certain 
points where diagonal bracing is unsuit- 
able inclined portals of arched form have 
been employed in their stead. 

The decking of the bridge is formed by 
continuous slabs supported on and mono- 
lithic with three continuous longitudinal 
beams carried by the transverse girders. 
The slabs are 16 cm. thick, reinforced in 
both directions ; the central longitudinal 
beam is 20 cm. wide by 40 cm. deep below 
the slab, and the two side beams are 20 
cm. wide by 77 cm. deep. The roadway 
is paved with compressed asphalt and 
provided with steel plates at the points 
where expansion joints occur, one at each 


E 


end and one at the centre. The foot- 
paths, with a clear width of 1 m., are 
formed by a slab 6 cm. thick stiffened by 
a rib, 15 cm. by 17 cm. in cross section, 
along the outer edge and supported by the 
cantilevers previously mentioned. The 
surface of the paths consists of cement 
mortar 2 cm. in thickness. Each foot- 
path is bordered by wrought-iron railings 
90 cm. in height. 

Fig. 3 shows the timbering employed 
in the construction of the bridge, which 
was built by La Société des Grands 
Travaux en Béton Armé, at a cost of 
705.581 francs, including expenditure in 
connection with the temporary bridge 
which had been erected on the site. 

On completion, the 3rd, 4th, and sth 
spans of the footpaths from each end of 
the bridge were subjected to a distributed 
load of 115 lbs. per sq. ft., and the four 
central spans of the decking were sub- 
jected to a distributed load of 410 lbs. per 
sq. ft. The maximum deflections regis- 
tered when the loading had been in place 
for 24 hours were :—On the axis of the 
upstream span, 36 mm., and on the axis 
of the downstream span, 33 mm. After 
removal of the superimposed loading. 
permanent deformations remained as 
follows :—13 mm. upstream span and 
I5 mm. downstream span. 
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The rolling loads for the next test con- 
sisted of five steam rollers, two of 18 tons, 
two of 12 tons, and one of 6 tons, a total 
of 66 metric tons. The rollers were 
employed in different formations—sta- 
tioned at different points in single file, two 
abreast and in a group as closely together 
as possible. The maximum deflection 


recorded was I5 mm., and there was no 
permanent deflection after the passage of 
the rollers. 

The works were carried out under 
the direction of M. J. Delforges, In- 
génieur d’Arrondissement à Chatear 
Thierry, with M. Noel as Ingénieur-en- 
chef. 


Concrete Work at Ymuiden Lock. 


AT the entrance of the canal from 
Ymuiden to Amsterdam there is at pre- 
sent under construction a lock which 
will be the largest in the world. Up to 
the present time 84,000 cu. yards of 
concrete have been poured into this work 
through two “ Insley " chuting plants. 

According to Mr. B. Peiser, writing in 
“Ге Ingenieur," some trouble has been 
met with in pouring the concrete, and 
this is mainly due to the chutes over- 
flowing. The causes of this have been :— 

(a) unsuitable slope of the chute and 
the formation of dips in the line. 

(b variation in the mix resulting in 
wetter concrete overtaking a previous dry 
batch moving slowly, and flowing over 
the latter and over the edge of the chute 
as well. 

(c) large stones preventing the discharge 
valve at the hopper-head from closing and 
at the same time allowing an excessive 
amount of concrete through to overflow 
from the already full chute. 

(d) too small and shallow a form of 
chute. 

The original and the altered chute, 
with raised edges, are shown in our 
illustrations. Considerable difficulty was 
found in altering the position of the end 
of the chute which was counterbalanced 
when empty. Finally the concrete was 
discharged into bins and delivered from 
these by wooden chutes. The chute of 
the spouting plant was only shifted every 
four hours. 

The plant was designed to discharge 
78 cu. yds. per hour; at first only one- 
third of this amount was placed, but later 
as much as 920 cu. yds. were poured 
in 104 working hours. 

Naturally the formwork for such rates 
of pouring had to be specially designed— 
in some cases the height poured was 12 ft. 
in five hours, and the concrete pressure 
increased very rapidly each hour. When 
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using slag cement the forms had to ix 
capable of resisting the full concrete 
pressure due to 12 ft. head, as the fr: 
concrete poured had not set when wori 
was stopped at the end of the five-hour 
period. 

With main side walls 70 ft. high it wa 
obviously impossibletostay the forms from 
the outsides, so the contractor devised à 


Fig. 1.—Forms of Chute. 


Fig. 2.—Formwork. 


kind of trussed form (see Figs. 2 and 3). 
The bolts were r]-in. diameter and the 
length of thread 6 in. The thread was 
surrounded by a spiral of steel, 1 in. in 
thickness, and concreted in. When the 
concrete had set the bolt was unscrewed 
leaving the steel spiral in the concrete, 
the holes being filled later.—W.S.G. 


Questions and Answers. 

QuESTION.—Is the cost of a large 
building constructed of reinforced con- 
Crete more expensive than the same 
building in steel-framed construction ? 
If so, what advantages, if any, has 
reinforced concrete to offer over steel 
encased in fireproofing ? 

“ REGULAR READER." 

ANSWER.—The cost of the frame of a 
reinforced concrete frame building gener- 
ally works out at about 2 5 per cent. less 
than that of a steel-frame building if the 
Cost of fire-proofing the latter is taken 
Into account so as to make it comply 
with the L.C.C. 1909 General Powers Act 
Or similar Acts or Regulations in force in 
various parts of the country. Fig. 3. 
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DIMENSIONS FOR TANKS AND RESERVOIRS. 


A Wal. | 
CONG 20, 


Economical Dimensions for Tanks and 
Reservoirs. 


In designing tanks the engineer is often given a capacity to work to without any 
restrictions on the linear dimensions. For such cases Dr. E. Kuester has recently 
published in “ Beton u. Eisen " an article showing how to choose the mot 
economical dimensions. 


2 
For circular tanks V — ЭЭ Н ог 


Н -- + where H and D are expressed in feet, and the following extra symbol 
are used : 

Cp = cost per sq. ft. of the floor including any mass concrete, waterproofing. 
rendering, etc. 

Cg — cost per sq. ft. of the roof including waterproofing, etc. 

Cy — cost per sq. ft. of walls complete. 

It is assumed that there is one column, й feet long to each я sq. ft. of floor 
area, and that Cc = cost of column per ft. length. The costs of column capitak 
and footings are to be included in the costs of roof and floor respectively. 

If these units prices do not vary much for small alterations in the values 0! 
D and H, the total cost 


2 3 
к = сн са + aD Hy + DC, 


4V 
tH =; 
Bu EE 
3 | 
Therefore К — Zc r+ CF) + m + aA hence the cost of the columns 


is independent of D and is a constant proportion of the total cost K. Omitting 
the cost of the columns, we obtain 


D? АУС, 
ka М cho w 
4 CRY Е) + D 
dK ло. 4VCy 
5 Du acc c C — = O0. 


"Da 1 MEN is the value of the diameter 
л(Сь-- Сұ) 


which makes the total cost a minimum. 
The minimum cost is, 


К = Va(Cr+Cr)V Cy? + 2 Vz(Ca + Cg) VIC? 
= Pa (C, сырасы) 


or, “In the most economical circular tank the walls cost twice as much as th 
roof and floor taken together.” 
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ECONOMY OF RAPID-HARDENING СЕМЕХТ. 


Economy of Rapid-Hardening Cement 
in Design. 


By T. O'BRIEN. 


[While the following notes are of interest as showing the possibilities of rapid-hardening Port- 
land cement, we would point out that we do not agree with all the statements made. We would 
particularly warn builders of the danger of using the smaller sections mentioned without the advice 
of a competent engineer.) 


MANY methods have been adopted since the advent of aluminous and rapid- 
hardening Portland cements to take advantage of the greater strength of these 
materials. Contractors realised at once that quick-hardening properties would 
considerably reduce their shuttering costs. More recently experiments have 
been made, and jobs actually constructed, with mixtures that were at one time 
thought of only in terms of mass concrete. 

If, instead of revising the proportions of the mixture in order to use less 
cement, the greater strength, both initially and finally, were taken into con- 
sideration in the calculation of reinforced concrete members, a large saving would 
result in the total cost to the clients as follows :— 

(1) The thickness of slabs and sections of beams and columns would be 
considerably reduced. 

(2) The net area of steel would be increased, but not sufficient to counter- 
balance the large saving in item (1). 

(3) The increase in steel in item (2) would give a fillip to the reinforcing bar 
trade, which would encourage the present programme of the British steel manu- 
facturers and rolling mills throughout the country. 

As is now universally accepted, a 4:2: 1 mix of concrete in which rapid- 
hardening cement has been used, attains a strength of more than 5,000 lbs. per 
square inch in 28 days, and nearly 7,000 №5. per square inch in 3 months. These 
figures compared with the minimum strengths in Regulation 159, Section 23, 
of the L.C.C. (General Powers) Act, 1909, for reinforced concrete, are more than 
three times the necessary value in the first case and 21 times that required for 
four months in the latter. 

From these results it follows that with the usual factor of safety of four 
and a 4:2: I mixture of concrete we can design for a safe compressive stress 
. of 1,200 lbs. per square inch one month after mixing. This factor increases 
to five at the end of a 3-months' period, but the fact that the structure can be 
in daily use by this time and carrying the full loads for which it has been designed 
implies that the lower figure should be worked to. 

Again, in tension with a 3 : 1 cement mortar the higher early-strength cement 
has an ultimate strength at 24 hours equal to that of ordinary Portland cement 
in 7 days. The increased figure for seven days is 11 times that for Portland 
cement at 28 days, and its own 28-day figure is a little more than this. 

The present minimum L.C.C. figures for shear in concrete are very low for 
even ordinary Portland cements, as is shown by the makers' specifications and 
feld tests made by contractors all over the country. With a factor of safety 
of four using rapid-hardening Portland cement a safe shear stress of 120 lbs. 
per square inch can easily be obtained within a week of mixing and a proportionate 
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increase in grip stress or adhesion between concrete and steel naturally follow: at 
200 lbs. per square inch. 

With the above stresses, and taking 16,000 Ibs. per square inch for mild ste 
bars, the formule for beams and slabs using the following notation develop: a: 
under :— ; 

Rc 


— | — area of tensile reinforcement in inches. 
x a 


T : 
a = d — - = lever arm of resistance moment. 


— ratio of lever arm to effective depth of slab or beam. 


-- bending moment of external loads and forces. 

— breadth of slab in inches, or breadth of rectangular beam in inches 

== permissible compressive working stress at extreme fibre of concrete m 

compression in pounds per square inch. 

d = effective depth of beam or slab in inches, i.e. the distance from the top 
of the slab in compression to the centre of the tensile reinforcement. 

Ec — elastic modulus of concrete in compression. 

Es — elastic modulus of steel in tension or compression. 


мы Ар 


т = 2 — modular ratio. 
Ec 
п = distance of the neutral axis from the extreme fibre of the concrete in com 
pression of the slab or beam in inches. 
п = ” — — = neutral axis ratio. 
d t+ 
р = T — percentage of tensile reinforcement. 
2 


фи n | 
=: (a - =) = resistance moment of the internal stresses in the slab or 
2 3 
beam in terms of the permissible compressive working stresses. 
і = permissible tensile working stress in tensile reinforcement in pounds рї 
square inch. 


Modulus of elasticity 2: — IO (for ratio of steel to 5,000 lbs. concrete). 
C 


n IO X 1,200 12,000 
P que uui aC = = 0:4294. 
d 16,000 + IO X 1,200 28,000 
a 0:429 
- =d — —— = 7d. 
7 3 0:657 
р — о = 0:0161І bd. 
2 X 16,000 
1,200 X b x 4204 
Re = B= а (c-857d) = 221 bd?. 
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Taking a case of a 7-in. floor slab with “ economic " reinforcement, and using 
present stresses of 600 Ibs. per square inch on concrete and 16,000 lbs. per square 
inch on mild steel bars having }-in. cover of concrete :— 

Rc = 95bd? = 95 x 12 x 6:25? = 44,530 inch lbs. 


At — 44,530 
16,000 X 0:88 x 6:25 
This is equivalent to $-in. diameter bars at 4}-in. centres. A usual distribution 
steel for this would be 4-ш. diameter bars at 15-in. centres. 
The average cost per square yard of this floor without shuttering at the present 
day on a basis of 54s. od. per cubic yard for 4:2: 1 ordinary Portland cement 
concrete, and 18s. 6d. per cwt. for mild steel bars (fixed), is :— 


— 0:506 square inches. 


s. d. 
0-195 cubic yard concrete at 54s. od. — IO 6 
23 lbs. mild steel bars at 18s. 6d. cwt. = 3 091 
14 3} 


Using rapid-hardening Portland cement and utilising the above-mentioned 
stresses a 5-in. floor will give a much great moment of resistance as follows :— 


Кс = 221642 = 221 X 12 X 4':1875? = 46,500 inch lbs. 
46,500 
AD. lo 
16,000 X 0:857 X 4:1875 
This is equivalent to §-in. diameter bars at 41-in. centres. Using the same dis- 
tribution steel as before the comparative cost per square yard is :— 


= 0:81 square inches. 


s. d. 
0:139 cubic yard concrete at 56s. 6d. — 7 IO 
35 lbs. mild steel bars at 18s. 64. cwt. = 5 oł 
13 7) 


А saving of 84. per square yard is thereby shown and this figure allows for the 
extra cost per ton of rapid-hardening Portland cement over ordinary Portland 
cement. The result is a 4} per cent. reduction. 
If we complete the price per square yard for each case by adding the shutter- 
ing costs the argument for the above analysis is still more favourable, as follows : 
4:2:1 mix ordinary Portland cement— 


s. d. 
Concrete and steel = 14 3} 
Shuttering at 4s. 64. sq. yd. — 460 

UB: 

4:2:1 mix rapid-hardening Portland cement— 

s. 
Concrete and steel dg 7! 
Shuttering at 15. 64. sq. yd. = I 6 

15 11 
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CONCI E 


This is a direct saving of 3s. 8d. on the total cost per square yard, or 19} per 


cent. 


The figure of 1s. 64. allowed in the latter case is based on the fact that with 


the quick hardening of the material mentioned, boarding may be removed from 


the floor in a quarter of the period usually allowed for ordinary concrete. 


Only 


one-third of the normal cost has been quoted, to allow for extra labour entailed 
in taking down and erecting many more times than would be done in the ordinary 


way in the same period of time. 


If the weights of steel are compared it will be found that 50 per cent. mor 
steel is used. The volume of cement used per square yard is, however, reduced. 
although the smaller quantity sells at a higher figure and consequently approxi- 


mates to the same cost. 


The large reduction in weight (іп the case mentioned it is nearly 30 per cent.) 
will be appreciated by architects both as regards the sections of supporting rein- 


forced concrete members and steel-frame buildings with concrete floors. 


Also, 


the sizes of foundations may be considerably reduced with a consequent reduction 


of loads on the ground. 


From the foregoing there is every reason why advantage should be taken ot 
the high values obtained with rapid-hardening Portland cements instead of the 
laisser faire attitude adopted by public bodies in this respect at the present time. 


Book Reviews. 


** Problems in Structural Design." Ву С. T. 
Bishop. 60 pp. Illustrated with line 
drawings and diagrams. 


London: Chapman & Hall, Ltd. Price 105. net. 
THE author's ‘‘ Structural Drafting,” 
although based on American practice, 
has been well known in this country for 
many years as one of the best and most 
complete guides for steel structural 
designers and detailers. 

The present volume consists of a collec- 
tion of over 700 problems in steelwork 
design or detailing. They are really 
problems, because with very few excep- 
tions the answers are not supplied. The 
book has been developed from problems 
used for many years, in mimeograph form, 
in the author’s classes, it being his con- 
viction as an instructor that students 
should be presented with a permanent 
record of the exercises performed by them 
in the course of their training in prefer- 
ence to the fleeting mediums of the black- 
board or dictation. 

The problems are classified in groups 
which correspond closely to the subject 
matter of Chapters XXX to XLIV forming 
Part III of “ Structural Drafting,” with 
four additional groups relating to such 
complete structures as tanks, bridges and 
buildings. Each group contains a num- 
ber of problems of similar type (for ex- 
ample, there are 7o simple bending 
moment problems), it being the author's 
opinion that “Бу solving similar prob- 


724 


lems of a given type but with diferen: 
dimensions, loads or specifications betort 
proceeding to the next type, the studer: 
is able to get a better grasp of the funda- 
mentals than when he designs only а sinc: 
stringer and floor beam before taking up 
the trusses and the connections." The 
questions range from such an elementan 
one as “Find the maximum bendine 
moment for a 15 ft. simple beam unde: 
a live load of 80 pounds per foot,” t^ 
the complex “ Design the steel skeletor 
frame of an office building ” from the data 
supplied. 

The book is suitable for instructor 
desirous of making or extending 1 
of problems on similar lines or for student: 
practice. Many of the problems аг 
applicable to British practice миро 
any alteration, but the great major 
of them would require some adaptaties 
of the American sections and units.- 
W. B. S. 


Books on Civil Engineering. 

The McGraw-Hill Publishing Co., Ltd. 
of 6 Bouverie Street, London, EC. 
have issued a new edition of their list et 
books on civil engineering хил. 
covering bridges, buildings, cement, co 
crete constructions, contracts, drainase. 
highways, hydraulic, hydro-electry- 
irrigation, law, sanitary, shaft sink 
specifications, statics, structural. SU’ 
veying, tunnelling and waterworks. èt. 


EMCED TRAVELLING FALSEWORK FOR CONCRETE BRIDGES. 


Travelling Falsework for Reinforced 
Concrete Bridges. | 


QuickLy-rising floods in rivers which 
bring down floating débris frequently 
cause damage to any form of scaffolding 
which has its support on the river-bed. 
To prevent such accidents M. Henry 
Lossier, the well-known French engineer, 
has devised a useful travelling scaffold 
for bridges of several spans. The method 
has been used during the construction of 
three bridges in North Africa. One of 
these comprised six spans of about 75 ft. 
on piers of about 40 ft. in height. The 
method of construction is clearly shown 
in our illustrations; for these and the 
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description we are indebted to Le Génie 
Civil, which recently published an article 
on the subject by F. Willm. 

The travelling centre consists of two 
steel girders, strongly braced together, 
from which the ordinary framework is 
suspended. The rear end 15 counter- 
balanced. Аз soon as the abutment and 
first pier have been constructed the 
travelling stage is moved forward as in 
steel-bridge work. The suspension rods 
are then fixed in position, and then the 
ordinary formwork for the girders and 
slabs. Rapid-hardening Portland cement 
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Three Stages in the use of Travelling Formwork for Bridges. 
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is used in order to release the forms as 
soon as possible. When the forms and 
suspension members have been removed 
the stage is moved on to the next 
span. 

The travelling stage can be dismantled 
and removed in small parts when the job 


is completed. The advantages claimed 
for this method are (a) less timber to be 
transported to the site, (b) no piles needed 
in the river bed, (c) no obstruction to 
navigation, and (4) no danger to the 
workmen who use the stage as a footpath. 
—W. S. G. 


Cement Injection at St. Paul's Cathedral. 


THE fifth report on the preservation 
work at St. Paul's Cathedral states that 
the work of preservation has continued 
to proceed satisfactorily during the period 
that has elapsed since the last report, 
dated January 1o, 1927. The consolida- 
tion with cement and the reinforcement 
with rustless steel rods of all the eight 
main piers in the crypt have been com- 
pleted. The timber strutting has been 
cleared away, the memorials and tablets 
have been replaced, and considerable 
progress has been made in the elimination 
of all evidence of the work carried out 
and in the restoration of the face of the 
masonry to its original appearance. It 
is now practically impossible to discern 
where the holes have been drilled. The 
crypt has been fully open to the public 
again for several months past. 

The drilling, cementation and reinforce- 
ment of all the eight main piers from the 
level of the church floor upwards has 
made steady progress, and, on the average, 
has reached half-way up to the main 
cornice. The replacement of the iron 
ties, mostly fractured, inserted between 
the piers and bastions at the gallery 
level during the original construction, by 
a much stronger system of rustless steel 
ties is nearing completion, two of the 
four groups being finished, the third 
nearly so, and the fourth started. 

In drilling the holes for the new ties, 
valuable information has been obtained 
as to the state of the interior of the piers 
both before and after the cement injec- 


tions. Cores have been recovered írom 
the holes drilled after injection and the 
injected cement is found to be filling al! 
cavities in the core and to Бе adhenng 
closely to the stone and mortar. It ha: 
occasionally been possible to obtain speci- 
mens of injected cement from these cores 
large enough for testing, and thev have 
shown a resistance to crushing greater 
than that of Portland stone. А scheme 
of bracing between the drums írom the 
level of the Whispering Gallery upwards 
has been approved in principle ; detailed 
designs are now being prepared for final 
consideration. 

In carrying out the work it has not 
been found necessary to make апу 
material deviation from the recommen- 
dations contained in the report of the 
Commission of Architects and Engineers. 
dated February 14, 1925. The series of 
levelling. plumbing and theodolite obser- 
vations and of linear measurements have 
been continued at regular intervals and 
also the readings of the crack measure- 
ment plugs, with the result that no 
evidence of settlement in the foundations 
nor of injurious movement in other por- 
tions of the dome structure is to be 
detected. The observation and plotting 
of the theodolite survey of the dome area. 
including the piers, bastions and arches, 
have been completed, and it is proposed 
to extend this survey to other portions 
of the structure, and to complete the 
architectural survey. 


Pont de la Tournelle, Paris. 


In our last number we described the new Pont de la Tournelle, Paris. 


We regret we 


did not state that the consulting engineers who prepared all the calculations, together 
with the arrangement for opening the bridge at the crown by hydraulic jacks, were 
Messrs. Pelnard-Considére et Caquot. The method adopted for filling in with mortar 
between the jacks in such a manner that the pressure could be immediately 
sustained, was also devised by the same firm. 
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ESTIMATION OF PROPORTIONS FOR CONCRETE. 


Estimation of the Proportions for Concrete. 


Strength—Mean Slump Straight-Line Equation 
and 
The Mean Slump—Water Cement (volume) Ratio Equation. 


By H. W. COULTAS, M.Sc. (Birmingham); B.Sc. (Leeds). 
(Lecturer Dept. of Civil Engineering, University of Birmingham.) 


THE purpose of this paper is to show how various factors in connection with 
the water-cement ratio theory of specifying the quantities of concrete can be 
put to practical use; to endeavour to express mathematically the relations 
between the various factors; and, finally, to show how to specify the use of this 
theorv in practice. 

The following is a summary of the results obtained :— 
1, = sum of the volumes of the aggregates in a Field Mix to unit volume of 


cement. 

A, = sum of the volumes of the aggregates in a Nominal Mix to unit volume of 
cement. 

„f, or а, = volumes of the mixed aggregates in a Real Mix to unit volume of 
cement. 

Then A, = С,А, : š . (I) 

and A, = C,A, ; ; ; : . (2) 

or 4,--0,С,4, . . (3) 


Values of C, and C,, which are shrinkage factors, have been ascertained and 
are given in the paper. 
Let f= strength of concrete at 28 days in lbs. per sq. in. 
S, — mean slump in inches. 
C — factor dependent on the cement. 
W = factor dependent on the mixing and rigidity of control. 
m, = Fineness modulus of the real mix. 
b — factor dependent on W. and C. 
x = water-cement ratio by volume. 


Then for Portland and aluminous cement concretes, 


C 
For P.C. concrete, 
f= (ғ. + 500m, — І0004, + зол, + 6)—06S,} . . (5) 


For aluminous cement concrete replace S, by 5, + І 
The mean equation is 


S,—N-— — Y : : : . (6) 
X — 0:09 (744. - 3) 
т, 
where N = 22:55 for Portland cement concrete and 21:55 for aluminous cement 


concrete. 
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To find x, in equation (5) use equation : 


Values of C, x,, W, and b are given in the text. 


Estimating the Quantity of Cement per Cubic Yard of Finished Concrete. 


Barrels of cement per cubic yard of concrete _ 6-75 
I Barrel — 376 lbs. ИИ. 
| 37 ) os p xp i + W, 
166-6. 


Stanton Walker equation where W, and W. are the weights of the fine and coarse 
aggregates. 

Converting this for use in British practice. 
Bags of cement (of approximately 21 cubic feet) per cub. yd. 


E 10°8 
0:5 + x + (0:67 + 0018тДА, 
Shrinkage Factors for Fine and Coarse Aggregate. 


The work in this paper is based on the equations and curves given bv Pre 
fessor Duff Abrams іп his various bulletins and summarised by Mr. А. E. Wym. 
B.Sc., in his paper, “ Controlling the Manufacture of Concrete to obtain Uniformity 
of Strength." * Certain data obtained by Messrs. W. A. Slater and Stanto! 
Walker from field tests at Newark Bay and Camden, U.S.A., and given in their pape 
“ Report of Field Tests of Concrete used in Construction Work," Т have been 
used for analysis. Іп a section dealing with the estimation of the quantity c 
cement per cubic yard of concrete, the equation of Mr. Stanton Walker] ha: 
been amended to meet the requirements of British practice. 

In the equations which follow the values of the fineness modulus of vanos 
aggregates are those given by Professor Abrams on the strength, aggregate anc 
slump curves given іп Mr. Wynn's paper (see Figs. І and 2). 

The equations given are a fair measure of the strength of concrete provided 
that at least one-third of the aggregate is sand or fine aggregate (i.e. material 
smaller than that which will pass through a No. 4 sieve) and that the quant 
of coarse aggregate of апу one size is not less than one-third as great as that 01 
the next larger size. The aggregate therefore must be more or less uniformly 
graded. It is also indicated that the sand should not be more than two-thirds 
of the total aggregate to meet this criterion. 

The proportions of the concrete may be given in three ways, viz. The Red 
Mix, the Nominal Mix, and the Field Mix. 

The Real Mix: Expressed as unit volume of the cement to .4, volume 
of the mixed aggregates measured dry and compacted in a standard manne. 

The Nominal Mix: Proportions such as 1: 2: 4 expressed in terms of th 
volumes of the dry and rodded materials. The sum of the volumes of the dv 
and rodded fine and coarse aggregates to one volume of the cement will te 
expressed as 4, volumes. 


* " Concrete and Constructional Engineering," June, July, August, 1926. 
t " Proceedings of the American Society of Civil Engineers," January, 1925. 
t "Concrete and Constructional Engineering," February, 1927. 


Er 


. № 


. lu) 
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The Field Mix: In the field, the material in the bin or stock pile contains 
more or less moisture and is measured in a loose condition. Proportions stated 
in terms of the aggregate in the condition found on the job and measured loose 
are called the Field Mix. The sum of the volumes of the wet and loose fine 
and coarse aggregates to one volume of the cement will be expressed as A, 
volumes. 

The Fineness modulus of a mixture is the weighted mean of the moduli 


© 
CURVES A. B.C. D FOR 


AMERICAN CT ОЮ РС? 

C = /4000 

У”-9(8)-7(9)-350956)-4:12) 

CURVE Е FOR AN 

ALUMINOUS CT 

C= 36000 ж«9 

CURVES Ғ-с FORA 

RAPID HARDENING С? 

С = 20000 //У-9-0(7) 
жм-4-5/6) 


ERAL or fat 


( f) COMPRESSIVE STRENGTH АТ 28 DAYS - 15. PER SQ, IN: 


.4 5196 7-859 FO H 12:13:41) 
XC- WATER -CEMENT RATIO - BY VOLUME. 


RELATION BETWEEN WATER-CEMENT RATIO 
AND STRENGTH 


MIMIMUM WATER RATIOS - ` 4 (PCT) -7(A.CT) “4(енст) 
PLOTTED POINTS - TEST DATA /-24-3-6 
(C = 1/4000) FIELD М/Х - NEWARK BAY 


Fig. 1. 


of the separate aggregates (when dry)—it will be denoted by m, ; т will represent 
the fineness modulus of a sand or coarse aggregate separately.* 

(Approximate) Relations between the Field, Nominal, and Real 
Mixes to be used in the estimation of the proportions and quantities for concrete 
and in the strength—mean slump straight line equation for concrete. 

Dry sand when mixed with water increases in bulk to a maximum when 
the water by weight is about 5 per cent. of the weight of the dry rodded loose 
sand. It then decreases in bulk until when the percentage weight of water is 

* See Mr. Wynn's paper. 
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(95wMP O-2ws.| SUMP 2-41. 
(Sm) МЕАМ 1m. 


МЯ Ld 


3 46 50 54 58 62 66 79 465054 5462 66 0 A 
З FINENESS MODULUS OF AOGREGATE -My 


RELATION BETWEEN VARIOUS FACTORS 
АМО STRENGTH (f£). FOR C= 14000, W= 9 
gent Forn (f)-(5m) Em: f= (G+ 500m,— 10004, + 504") Б)- Бн) 
C= 4000, W= 9, Хо > -63, b= -066 - AMERICAN СТ 
Е16. 2. 


about 17) per cent. in the case of coarse sands to about 25 per cent. for fine 
sands the percentage bulking is nil. The data given in the following table is 
taken from the paper in “ Concrete," January, 1925, by R. R. Litehiser, entitlec 
“Тһе Effect of Moisture in Sands in Proportioning Concrete Mixtures.” 


Fineness | Weight of 


Modulus , ry | | | | | 
of the Loose Sand | Per cent. o I 2) 5 | 7% IO IS 17) 20 
Sand per cu. ft. Water by | 


i Drv 
| Weight. FEN | | 
' - - = | | 25) 
85 182 303 | 418 352 339 156 O | 
582 152 345|432 4r0 386 2496; 23 


2:65 ' 115158. 
108 ,, 
5:35 24178 50°4 52:5 47-1 43-1 27:8 1-07 
| | | | 


ESTIMATION OF PROPORTIONS FOR CONCRETE. 


Referring now to the tests of Mr. Stanton Walker (5 Proc. Amer. Soc. Civ. Engs.,”’ 
Jan. 1925), the respective fineness moduli of the sand and gravel used were 2-77 and 
6:84 (Camden Tests). The sand contained 5 per cent. of water by weight and 
the gravel 21 per cent. Tests of field mixes gave results as follows :— 


Volume, damp and | 

lose . . . .|1-35-59 | 1-2:8—4°7 | I-2:3-3:9 , I-1I:7-2:9 | I-I:4-2:3 | I-I:3-2'I 
Volume, dry and | | | 

puddled . . 5. — 1-2:7-53 | 1-2:2-4:2 I-1E:8-3:5 1-14-2:6 1-1:1-21:1:1-10-19 
A, volumes . . . 9:4 75 5:2 46 37 3°4 
А, "эг 8:0 6:4 4:3 40 3:2 2:9 
Ratio 25 ` ` ` ° 85 "855 83 "865 "865 "85 

! 


Plotting А, against 4 ; a good straight line resulted whose slope was 0:85. 
A, volumes in this case = 0:854, volumes. 


Nore.—The slump figure is that obtained by slumping the mix immediately after it has 
been tamped into its mould: not after waiting for 3 minutes. 


Consider the sand volumes from the table of field tests. 
Ratios | $220 dry and puddled . 27 , 22. I-8 214 , II , 10 
Sand, damp and loose 3:5 2:8 2:3 1:7 I4 ІЗ 
= 0-77 0:785 05782 0:82 0485 0:77. 
The average value ts 0:786. 
Similarly considering the gravel aggregates. 
Gravel, dry and puddled 53 , 42 , 35 , 26 , 21 , 19 
Gravel, damp and loose ` $9 47 ° 39 20 ` 23 21 
= 0:900 0:895 0:895 0-900 0:912 0:906 
The average value ts 0:900 (very nearly). 


The change in volume of the gravel is due to the rodding in a standard 
manner, not to the water content. 


Ratios | 


Using the Shrinkage Factors obtained 


Assuming Field Mixes of for sand, -786, and gravel, 0-9, the 
Cement Sand Gravel Shrinkage Factor Field to Nominal 
of the kinds used in the tests. Mix will be | 
I I 2 0:862 
I 2 4 E x -786+2x 9 _ 0862| 
1 1 3 оз 7 0862 
1 2 3 0°855 


Therefore when the loose sand is one-half in volume of the gravel the shrinkage 
factor is 0-862, and the water content of the sand (m = 2:77) is 5 percent. When 
the sand ratio increases there is a slight drop in the shrinkage factor from 0-862 
to 0:855. For the proportions generally taken in practice for the given conditions 
a shrinkage factor of 0-86 appears to be a good and approximate mean. 

Working on the preceding lines a table has been drawn up for sands of vary- 
ing fineness and in all cases allowing a shrinkage factor for the coarse aggregate 
of 0:9, irrespective of the water content. 
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[TABLE OF SHRINKAGE FACTORS Ср.) 
Where A, = С,А,. 
These results were obtained by using the bulking percentages given by Mr. Litehiser in 
his paper. 


ааа ы rr ЗЕЕ © ت‎ ee ————  —— i iii i ج‎ ee ل‎ 


Percentage Moisture Content of the Sand. 


| 
Sand. | 255 ane | Dry БЭР" - RAM LE 
m. Sand | Loose Ї | 
| | 1 4 5 IO | I5 20 
я Je ае із = цайх cM гэж Жош ший 
2:65 | 0-4 до 885 21818 84 86 | I 
2-02" 856 | | 
2 45" “856 
2:3 о-8 9I ۰885 825 83 86 1 
1:2 0—50 9I :83 81 82 | 85 9 
2:77 ! 0-4 86 | 
From Field | | 
Tests 3214 O-4 | | 87 | 


| 
{ 
: | 


It is recommended that a very fine sand be not used for the making of сох 
concrete, i.e. sand having ап т of less than 1:5 not to be used. For sands having 
values of m ranging from 2:0 to 3%, the shrinkage factor C, works out to be. 
for the conditions stated, 


Sand and Gravel. Percentage Moisture Content of the Sand. 

Dry and loose. I'O 41 5:0 10-0 15:0 20-0 
0.9 0:885 о-856 0:825 0-830 0-86 1-0 
to to to to 

0.01 0:56 0:86 0-87 


Regarding the 5:0 per cent. water content, Cf appears to have an average 
value of 0-84 and the то per cent. — 0:85 
For a coarse sand use the higher value and a fine sand the lower one. 


The Relation between A, and A,. 


In the paper given by Messrs. Stanton Walker and Slater the followin: 
figures are given :— 
а + + + 52142 606! 5'3, 45 73 60151 43 »5 5 
а... 48|38: 58 46 39,67 54 4-5. 3845 48 48 4 
the sand percentage ranging from 50 to 25 and the fineness modulus of the пихед 
aggregates from 4:8 to 5:9. The aggregate was graded 0-4. 

Plotting A, against A, a straight line is obtained passing through the опел 
and the slope of which is 0:9; let C, represent this slope, 
then A, = C,A,=0'9 A,. 

Sutherland and Clifford for an aggregate (0-117) give C, = 0-86 and ш 
another case, 0:88. Wynn states that for most general cases it is, 0-875. 

A general value of Сұ can then be taken as 0:875. 


The Relation between A, and А, 
A, = C,C,(A,). 
* Calculated from data given for the aggregates used in the Newark Bay tests of Mess. 


Stanton Walker and Slater. 
1 Newark Bay Tests. 
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ESTIMATION OF PROPORTIONS FOR СОХСКЕТЕ. 


Estimating Quantities for Concrete. 


The equation developed in this section is based on the formula given bv 
Mr. Stanton Walker in his paper in Concrete, February, 1927. 

This equation is 
6:75 


0:5 + x + 


Barrels (American) of cement per cubic yard of concrete = Wf + W. 


166-6 
Where the weight of 1 barrel of cement is 376 lbs. 
volume of mixing water 


x = water cement ratio by volume = 
volume of cement 


0-5 = absolute volume of the solids in 1 cubic foot of loose cement. 
WW, = weight of sand (fine aggregate) in lbs., used with one 94 lb. cu. ft. of 


cement. 
W. = weight of gravel (coarse aggregate) in lbs. used with one 94 lb. cu. ft. of 
cement. 
12000 — 
ipd — (f)-($,) unes 4,7 5 Ano M6 
А 10003 — 
9000) — 


As the aggregate in this equation is given by weight, the following equation 
was developed to meet British practice, using volumes instead of weights and 
bags instead of barrels. 

Bags of cement (of approximate 21 cu. ft. capacity) per cu. yd. of concrete 


T 10:8 (В) 
0:5 + x + (0:67 + о-от8т,)А, i 
or, in American barrels of cement = 6:75 . (I). 


0-5 + x + (0:67 + 0-018m,)A, ` 
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EXTRACT FROM TABLE 2 IN STANTON WALKER's PAPER: 


' Barrels Cement рег cu. vd. of Concrete. 


Mix by Fineness -- ЕРІНЕ — 
Volume Water Size. Modulus . | 
(Кеа! Мїх). Ratio (mr). Calc. from | By Stanton | 
! Measured Walker's Байып ү 
| Yield. Equation. аа 
c КЕ SOM m ислэг = Ж 
1-7 1:12 o-1} 5°75 | о95 ! 0-95 | 0-96 
1-4 1-09 0-1-4 3:05 | 148 | 1°55 1:50 
1-4 o:86 | o-i 50 1:55 1:54 | 1:54 
1-6 0:92 | o-1} 5:75 I:12 1:12 | г 
223 095 |; oi 3-5 220152 158 г 
1—4 0:96 о) 470 1:55 1:56 1:52 
1-3 0:68 = œr} 575 | 197 1:94 | 1-93 


EXTRACTS FROM TABLE 1 IN STANTON WALKER’S PAPER: 


| | 
| Barrels of Cement per 


ON Ads | "T | i (from cu. vd. of Concrete. 
1х oiume : i 2 ater : u 
(Normal). un 2 ў and ‹ Ratio, Grading.| Abrams’ 
i Е Tables) . Duff | Stanton | Equa- 
Abrams. Walker. tion Ir. 
ЕИ em | 
1-2:3 1-2:3 о%9 O-1°4 3 ава. 2:24 2:30 | 2-21 
1-1:5-3:0 1-3:94 0:9 о-1” 544 ¦ 156 ` 1557 | 153 
1-2:3-4:2 1-5:7 | 09 o-3 6-5 123 148 | ri 
1-2:3-4:2 1-5:6 (С, = 586) о-9 о-3” 6-5 ' I:23 I:18 | 1:17 
1-1:4 1-1:4 о-7 о-1:4 | 3:04554. 3°18 3:14 397 
1-07 1-0:7 20:56 О-1:4 | 304554: 436 4°41 4°32 
1-1:3-2:8 1-3:58 0۰8 orf 5:9 | 1:73 1:66 | 1:64 
1-3:52 (С, = 86) o8 о-14 5:9 1:73 1:66 1-075 


The figures from the Stanton Walker and No. I equations agree very well 
showing that the shrinkage factor of 0-875 to 0:86 is a reasonable value. 


The Straight-Line 28 Days Strength and Mean Slump Equation. 


In Figs. 1 and 2 are given the relation between the strength of concrete and 
the water ratio, and also between the strength, slump, aggregate, and finenes 
modulus. 

Professor Duff Abrams states that ‘‘ with given concrete materials and cor 
dition of test the quantity of mixing water used determines the strength of the 
concrete so long as the mix is of a workable plasticity.” 

The equation — the relation he found to be of the form 


Ан у> 


where f = compression strength of the concrete in lbs. per sq. in. at 28 daw. 
C = A number depending upon the cement. 
W = А number depending upon the mixing and rigidity of control. 


(The strength-water ratio equation.) 


volume of mixing water 


х water ratio by vol. — 
volume of cement 
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Minimum values of x—Ordinary Portland and rapid-hardening Portland 
cements—o-4 ; 
Aluminous cement—0o-7. 


In Fig. 1, the curves A, B, C, and E are those for a cement having a value 
C of 14,000 with values of W equal to 9, 7, 5:85 and 4:5 respectively. Seven is 
the factor for average conditions; 9 the factor where rigid control is lacking ; 
and in the paper presented by Messrs. Stanton Walker and Slater, a factor of 
5:85 was obtained for a series of hand-mixed batches. During the actual work 
a value of W — 4:5 seems to have been obtained. 

Curve D represents the f — x equation for an aluminous cement, where C 


5(н9-1 — 19:05 М- 22.55 PCT 
Bax 2-09 >) N= 21-55 Aun PAPO HARÎ CI 
а. e а, I E: MANC S Q 800 r. — С TE- me. ШЕШ `. 
Ü 
a 
-9 , 
-819 
-7 
ИК 
"5 
a 
£ -415 
8-814: 
-2 15 
-112 
-0$ 1 
о i 
Naren РАТЮ 4 5 6 7 8 9 ю H R U ы 
VoL. >C 


Abre- MINIMUM 2С VALUES — -4 (РСТ) -7(А2СТ) 
Fig. 4. 


is equal to 36,000 and the factor W iso. For a rapid-hardening Portland cement, 
C has the probable value of 20,000: see curves F and G (Fig. 1). 

Let the mean slump in inches be represented by S, ins. In Fig. 2 are given 
the stress, slump, and aggregate relations where the stresses are those for concrete 
having a value W equal to 9, and С equal to 14,000. The problem was to find 
some simple relation between these factors. A particular mix having a value 
of A, and a fineness modulus m, was taken. It was assumed that the 1-1. 
to 1-in.* slump range, be o to 2 inches, with a mean value of 1 inch: the 3-in. 
to 4-in. slump range to be 2 to 4 ins. with a mean of 3 ins. ; the 6-in. to 7-in. 
slump to be 5 to 7 inches with a mean of 6 inches, and the 8-in. to то-т. slumps 
to have a mean of 9 inches. Plotting the values of f against the corresponding 
mean slumps for the particular values of A, and m,, a straight-line graph resulted : 


9 The range given by Prof. Dutf Abrams on his curves corresponding to those of Гір. 2. 


735 


Н. W. COULTAS. CONCDETE 


on plotting the f — Sm (S, again т, 3, бапа 9 ins.) values for other mixes, straight- 
line graphs again resulted. Finally an equation of the general form followine 
was developed. This is 


f= ын 500m,— 1,0004, 4- 504,2) (1 + b) — bS,}. 
where x, is a value depending upon C, and b is a constant depending upon 
W and C. 
The equation containing x, and C is 


C C 

a 00: 
9^ 9 ' 

Knowing C, x, can be found. 

When S, = I in. 


f= ex 500m,— 1,0004, + s04,*)= fi Ibs. ‘sq. in. 


where f, is the compressive strength at 28 days for a r-inch slump. , 
С 
Let C = - 22. 
шин 
С Xo HW b Cs 


American Portland cement (used by Prof. Dutt 


Abrams) 14,000 0:63 9 0-060 3.500 

14.000 0°63 7 0:0034 4.155 

14,ООО 0:63 5:85 0:058 4. 

14,ООО 0:63 4:5 0:052 543 

Rapid Hardening Portland cement (probable values) 22000 0:05 9 0-006 4,00) 

20,000 0°65 я 00638 5.7; 

20,000 0:65 45 0:0525 AES 

Aluminous cement (probable values) . : . 36,000 о:08 9 0:066 $, лю 
36,000 0:68 7 0-0044 97 

36,000 0°68 5°85 0:0583 1052 

36,000 0°68 4:5 0:0533 129% 


The base for the work was the equation f — Е 


9* 
Using the f — S, equation for С = 14,000, W = 0, х, = +63, the following 
table was obtained. 


5, Ins. I 3 6 9 
f 1bs./sq. in. @ 28 days 3,000 2,600 2,000 I,400 
X (vol. ratio) 7 277 "586 1:05 
Using the equation f — ee for aluminous cement when 
x 7 "77 "586 1:05 
5./54. 1n. (а. 2 ays ,700 ,050 5,150 3 
lbs./sq. in. (а. 28 day 7 6,6 600 


It has been assumed in the above that the unit weight and volume “©! 
aluminous cement is the same as that for the American Portland cement, and 
that the same mixes will slump the same for the same amounts of water whether 
mixed with American cement or aluminous cement. 
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Using the f — S, equation developed for aluminous cement, where C — 36,000, 
W = 9 and x, = ‘68, 


x 7 77 "886 1:05 
f Ibs. /sq. in. 7,750 6,630 5,180 3,620 
5, ins. I 3 6 9. 


the values of f agreeing verv well with those from the f = A equation. 


To test the slump assumption an experiment was carried out on a mix of 
I of aluminous cement to 4:7 (4,) of sand and gravel, having a fineness modulus 
of т, = 5:2. For a Portland cement concrete of the same proportions the S—x 
curves of (S, + т) ins., 5, and (5, — I) inches were drawn (see par. dealing 
with the slump-water ratio curve). With x values of ‘8, “0, 1:0 and 1-1, the slump 
values obtained all came within the (S,) and (5, — т) curves drawn: chiefly 
inclining to the (S, — 1i) curve. This appears to show that a Portland 
cement concrete slumps more than a similar aluminous cement concrete for the 
same x value. The (S,, — 1) — x curve for the Portland cement concrete has 
been taken as being the (5,) — x curve for the similar mix of aluminous cement 
concrete. Therefore the (f) — (5,) equation for aluminous cement concrete will 


БӘЙ yen с. а TOS 4400 уа + b — b(S, +1}. 


W 068 
Similarly for a rapid-hardening cement concrete for 5, in the f — 5, equation 
read (5, 4- 1). 

The value of b was found by trial to be 0-066 for a value of W equal to 9. 
For other values of W, b was found from the equation 


pb CO ;- log, 44 
W "Tog, 9 
In the case of aluminous cement, x must not be less than 0-7, giving a limiting 
ыг 000 


value of f equal to 


The limits for the use of the f — 5, equations are 
A, = 7:5 (working between values of m, = 4:0 and 7:0) 
and А = I0 " ” 5 ‚ == 4:0 and 9-0), 
m, 4:0 to o o being practical figures for concrete in practice; the 2. 
strengths for the American 15. cement being 1,500 to 4,000 lbs. sq. i 

In Fig. 3 are plotted (f) — (S,) lines for C 14,000, 20,000 and 36,000, 
Á, — 5, m, — 6, W — 9, 7, and 2 

In the case of C = 14,000, W = 9, three lines have been drawn, a, (f) — (S,,), 
b, (f) dn (S, ep I) and C, (f) = Pa - 1). 

It will be noticed that curve “а” commences at S = т inch, “b” at S =2 
inches and “с” at 5 = о. Also that the line (f) — (Sm + 1) or curve “b” has 
been moved r inch to scale to the right and that the line (f) — (S,, — 1), or curve 

с” has been moved 1 inch to scale to the left. The strength points then for 
А, = 5, m, = 6, W = gwill then probably lie between the lines (f) — (S,, — 1) 
and (f) — (Sm + 1). 
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In Fig 2 are also given the relations between the real volume of the aggre- 
gate, its fineness modulus and the maximum size of stone in the aggregate. 

The maximum size of the aggregate is the next largest size to that which will 
retain at least 15 per cent. ; that is, if 15 to 16 per cent. were retained on the 
3-іп. sieve, the maximum size would be $; if only 14 per cent. were retained the 
maximum size would be 2 in. 

Let G be the maximum size of aggregate, then an equation connecting 
т,, А, and G is of the form 


log m, = (0:762 — 0:0075A,)G(9 51791550), 
Above А, — 7:5 it would appear that f, would become of the form 


ГА -(їе + 500m, — 1,0004, + 504,? — 3254m, ). 


The Slump-Water Ratio Equation. 


From a consideration of the strength-mean slump and the strength-water 
ratio equations, an equation connecting the mean slump and water ratio was 
developed. This is found to be, for Portland cement concrete, 

. I3:0 
S,, ins. = 22:55 — 305 


m 


т, 


For rapid-hardening Portland cement and aluminous cement concretes, it 
would appear that 22:55 should read 21:55 (see remarks on aluminous concrete 
slump tests іп the previous paragraphs). In Fig. 4, using this equation, have 
been drawn the slump-water ratio curves for A, = І to 7 for a value of m, = 5: 
also for A, = Im, = 7. In this case it will be noticed that the curve has move! 
slightly to the left of that for т, = 5. The curve 4, = 7 m, = 4 has also been 
drawn showing that a decreasing value of m, throws the curve towards the nght. 
The limits of 5, аге І to g ins. From a study of the curves it can be seen at à 
glance the range of the x values for the particular values of 4, and жт, 

To indicate the probable strength values, additional scales to the top oi 
the graph have been given. They are for values of С = 14,000 and 36,0. 
and W = o:o and 5:85 respectively. They have been calculated from the strength 
-water ratio equation for the values of x concerned. 

As the fineness modulus value affects the slumping it would therefore appear 
that the fineness of the cement also affects the slump. Therefore a rapid-hardenin: 
cement concrete should require a greater water ratio for a given slump than à 
corresponding Portland cement concrete. 


An Analysis of the test results of the 1 :2:4:3:0 Newark Bay Field Mix given ^ 
Messrs. W. A. Slater and Stanton Walker in their paper to the American 
Society of Civil Engineers. 

From the data given in the paper the 1: 2:4 : 3:6 field mix had an apparent 
real value of A, varying from 4:5 to 4:7 with values of m, from 5-6 to 5:02 respect 
ively. The fineness modulus of the sand used varied from 2:45 to 3-21, with 
a mean of 2:76, and that of the gravel from 6-15 to 7:70, with a mean of 737 
The water content of the sand varied from 3:8 to 5:1 per cent. In Fig. 5 the 
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mean slump-water ratio curves have been plotted for 4, — 4:5 (m, — 5:6) and 
‚ = 47 (т, = 592). 

The curves representing the + I inch allowance have also been plotted. 
Also the S — x points from the actual tests have been plotted It will be noticed 
that only about half the test points lie between the highest and lowest of the 
S, — x curves drawn. This indicates that the value of A, must have been vary- 
ing during the test. It has been assumed that the aggregate measurements 
were constant and consequently m, and that the cement volume had been varying 
slightly. Consequently a curve of S,, — x with the + 1 inch allowance has been 
drawn for 4, = 4 (m, = 5:92) and a curve of S,, — x with the — 1 inch allow- 
ance for A, = 5:6 (m, = 5-6). Between these two new curves the majority of 
the test points lie. 

A value of A, = 4 corresponds to a field mix of I-17: 2-4: 3:6 = 1:2:0: 3:0 
(very nearly) and a value of A, = 5:6 corresponds to a field mix of 

0:8: 2:4 : 3:6 = 1:3:0: 455 
Nominally 5 bags of cement were used рег batch, but the values of A, = 4:0 


01:24-36 FIELD MIX 
6-3 Points .... ' 
9 | 
8 | 
7 i 
! 
2% 
! ! 
v) 4 T 
1 
5 I 
2 { 
і 
| 4 
о 
WATER-C' РАПС 4 5 6 7 . . 1-0 T r2 3 
бү Vo.uME. X 


Fig. 5. 


and 5:6 correspond respectively to a use of 6 and 4 bags per batch respectively. 
Assuming again A, = 4:7 to 4:5 remained constant: what should be the new 
values of m,, so that the test points all lay within the theoretical curves ? 

Working from the test points and allowing a + 1-inch slump for the value 
of A, — 4:7, it was found that to get the maximum S,, — x curve to cover the 
majority of the points, m, should be equal to 6:95. Also, to find the lowest 
curve to include the test points the — 1 inch was allowed for A, = 4:5 anda 
value of m, = 4:7 was obtained. 

Now if m, is varying, this indicates a change in the grading of the aggregates 
used. эт, 6:95 indicates a change to a large aggregate and m, = 4-7 indicates a 
change to a smaller aggregate. But as the value of m for the gravel only varied 
from 6-15 to 7:70 and the water content of the sand 3:8 to 5:1 per cent. this seems 
to indicate that m, did not vary, but there was a variation in the cement content. 
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A further calculation indicates, too, that the maximum value of m, was 695 
for a value A, = 4-60. 
In Fig. 1 have also been plotted the f — x values for the Newark Bay tests: 


шэн 


the points appear to lie mainly between two curves of the values f = and 


| This indicates a great variability in the mixing and rigidity of control 


In Fig. 6 have been plotted the f — S points for the Newark Bay tests. 
On this figure have also been plotted the following straight lines. 


f — 5, line for A, = 40 m, = 5:92, W = 455. 


f- (S, +1 inch) line do. 
f — S, line for A, = 5:6 т, = 56 W = до. 
f — (S, — I) line do. 
f — (S, + 1) line for A, = 477 m, = 6:95, W = 455. 
f — (S, + 1) line for A, = 47 т, do. 
f — (S, — 1) line for 4, = 4:5 m, — 47, W — 9o. 


It will readily be seen that the /- S test points lie between the line 
(f) — S, and (Sm + 1) for A, = 4-7 m, = 5:92 W = 4:5, and A, = 5:6 m, = 5:6 W= 9€. 


NORMAL FIELD Mix 1-2-4-3°6 _ NEWARK Bay TESTS 
7-3 Powrs frorrto - 


79" тн 01747, тұ" 5-92 М-4-6 
Pr. FOR Qy 4, Mya 5-92 W 9 
"ns. FOR (174, 45-52 и-506 


(f) lbs.sum ѕтееметн дт 28 pavs 
! 


11 


Thelinesfor A, = 4:7, m, = 6:95, W = 4:5liewellabovethoseof A, = 4-7, m, = 5 
and lie well outside the points plotted; this would again indicate that th 
cement volume was varying and not the aggregates. 

It is interesting to note that the lines (f) — (Sm) and (f) — (Sm + 1) for 
А, = 4:0 m, = 5:92, W = 5:85, lie within the lines stated. Yet they include tw 
points whose aggregates are probably of the value A, = 4-0 m, = 5:92. Ths 
is known from the experimental data. 

An analysis of these test figures therefore clearly indicates the 41 05 
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of fixing the value of W during the mixing periods: it also shows that control 
must be rigid—that grading should be watched—that the cement should be 
gauged by gauge boxes as for the aggregates and not by bags or barrels. How 
should therefore the mixing of concrete be specified in practice ? 


The Specifying of Concrete by the Water Cement Ratio Theory and the 
Equations developed. 

It must be assumed W to vary between wide limits: let these limits be, say, 
9 and 5:85. 

From a knowledge of the aggregates to be used a value of А, can be ascertained 
either by actual test or by the use of the constants C, and C,: in the latter 
case assume the moisture content of the sand 5 per cent. Any change then 
in the moisture content of the sand will increase the value of A, and decrease the 
value of m,. To cover a slight variation in A, and m, allow, say, a + 10 per 
cent. variation in the cement content per batch—this will cause 4, to vary from 


IO IO НТ? 
m A, to % A,, m, remaining the same. А value of C must also be assumed for 


the cement. 
(1) A Working mean Slump being Required. (See Fig. 7.) 


Оп an S, — x graph draw the (5, + т) — x curve for the x A, m, mix 

and the (S, — 1) — x curve for the = A,m, mix. On this graph plot 
9 

corresponding strength scales for the mixes " И = 9 and AW = 5°85. 


Graphs have been drawn in Fig. 7 for a basic value of 4, = 5 m, = 6. 


How to Use the Graphs obtained. 
Let S,, be, say, 5 inches. Then S ins. can vary between 4 and 6 inches. 


. IO 
Draw lines for 4 and 6 inches to cut the S — x curves for the - 4, 


10 : 
and — A, mixes. Let the points of intersection be a,b,c,d. 
9 


Now corresponding to points abcd the values of x can be obtained and con- 
sequently the allowable range for x during the working period : also corresponding 
to abcd the probable strengths can be foünd from the two strength scales given. 
Averaging the strengths obtained the probable mean strength of the concrete 
made during the work will be found. Therefore in practice specify the number 
of bags required per cubic vard of concrete— with an allowable variation of 
+ Io per cent. State the allowable water range for a slump range of n inches, 
stating the mean value. During the work the S — x points obtained should 
lie within the area abcd as indicated on the graph, Fig. 7. If they lie outside this 
area then the factors should be varied as indicated in Fig. 7. State the probable 
mean strength value for the concrete. 

(В) A, and m, known, Spectfving the Probable mean strength required (see 
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Fig. 8). It is required in this case to find the mean slump or the slump range. 


Suppose C = 14,000. Draw the f — (Sm + I) inch lines for a value of E 4, 
9 


W = 5:85 and the f — (Sm — 1) inch lines for a value of -— A, W = 90; m, 


being as determined. This has been done in Fig. 8 for a basic value of A, = 5, 
m, = 6:0. 

Suppose a mean strength of 2,500 Ibs. per sq. in at 28 days is required. Draw 
the line f = 2,500 lbs. per sq. in line to cut the f— 5 lines for the mixes o! 


10 and 22 А, as drawn. Let these points be X.Y. It is required to finda 


9 II 
shaded strip ABCD, such that the area above the f = 2,500 line is practically 


S-X Curves ford, = 5m, = 6 gung = iot a, — 27 


ALUMINOUS CT C= 56000 4595 - 10500 5000 3099 650 350 азам 


~ 77 00 


+ ў 585-5000 4200 3500 -3000 2500 2000 
PCT Cone 14000W 5.05 эю. мо 2450. 2000 ы 


5 5 РС. Conc: жайы а MP ae 
-9-0 Әт" Эт. 5 Rance 4-6 т. | : "Ж г? 
FOR d) w.sas f 3650 4s sa n | 6, АЙ 
ка - 9 с " 30D (> | o" С 
b| w-9 ҚА 27 bai | ` 
-7-6 d 1400 ` а -oc 2” 
-6- 7 | Probable ^ -2475 -ст 34) i +C С 2m 
-5-6 а e ДЫ ' = =: 
Ы ee ыы ыл ҮҮСЧ, S ot. 
2 -4-5 š ӘР Аы + (o ` 2 
(o) dod o reae oa ЯҒ UI. 
eSd y" / = 
-2-3 се у! 43:25: 
т +X) 9 | 
-1-2 ! 
-O- I | | 
А FERT 
4 5 6 Y 33 9 ю M R в 
m— 2С RANGE — 
0-76 ~ 1-025 
Fig. 7. 


equal to that below. The slump range and the mean slump are thus found. 
On a S — x graph, the required shaded test area can now be drawn for the slump 
range found, proceeding as given in (A). 

This method of specifying by the water-cement ratio theory is due to the 
number of variables which can come into play; these are С, W, A, m, and x 
A,, m, and x can be determined on the work ; C must be assumed, and it сал 
be assumed more or less correctly, but W cannot be known until the actual 
crushing tests for strength have been carried out. Thusits value must be treated 
as indicated in the paper. 

It may be considered that the + Io per cent. allowable variation in the cement 
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content is too high: if so an allowance of + 5 per cent. or other lower figure 
can be taken and the calculations proceeding along the lines indicated. 

In Figs. 7 and 8 have also been drawn the strength-slump lines for a 
corresponding aluminous cement concrete: the working strength required being 


с y, 24-55 
Z -S LINES for NORMAL G,<5, m, -6. 024, = 552 


3 іл (f)/hssQin STRENGTH АТ 28 DAYS 


PC! Sins. 0 ! 2 x` 4 5 6 7 - 3 IO 
AL. RH. CTS 0 | 2 х 4 5 e 7 8 9 © 
X WATER-CT RATIO G - 4-55 77, - 6-0 "7$ Ж B4 59 (5m*1) тэ 
( VOLUME) TA ЯВ — 2- Яр" 2 - --- 
| Жый ЖА. а ‘88 97 1025 Sm ^5 
Ре Че". — o зу (шы (5-1) чә 


6,000 lbs./sq. in at 28 days: the economical mean slump was again found to 
be 5 inches, the slump range being 4 to 6 inches. 

Note that in practice when allowing for the water to be added to the batches 
for mixing purposes, the water content of the aggregates must be allowed for. 
For example, see the following table: sand, water content 5 per cent. ; gravel, 


14,000 
water content, 2} per cent. Strength based оп the 14,009 curve. 
x | 
x allowing ! қ НЕ of 
Field Mix. | ıa f (Dry for the ош Slump in Ins. 
:/59.10. | Materials). Water C 15-9 
Content. ement 
теше ss) : = Эс = 
1-2-4 2,ООО "20 °58 | 9:25 т, 5:0 5:8 | 6:6 
| Sm 49 5:5 ’ 6-9 
1-2-3 2,200 :85 "57 9:25 | 
1-11-3 | 2,400 -80 *56 | 9:25 
I-1-2 2,600 “75 °59 | 9:25 т, 5:25 | 6-05 | 6:85 
| Sm 6:6 75 ! 8-2 


Allowance should be made for the water which will be absorbed by the 
aggregate, average figures of which are as follows :— 


Average sand, pebbles, crushed limestone . I per cent. by weight. 
Trap and granite . | | . 0:5 " a 
Porous sandstone . | | . . ТО $ ” 
Very light and porous aggregate up to . 25-0 " ji 


DATA FOR PRICING REINFORCED CONCRETE. CONCDETE 
DATA FOR PRICING REINFORCED CONCRETE.* 


MATERIALS DELIVERED 4 MILES FROM CHARING CROSS. s. d 
Best Washed Sand . . . . . . . . peryard 13 6 
Clean Shingle, $ in. mesh . 4 А ç қ У : 4 2 12 6 

" 2 $ in. mesh. Р ° : š š : š es 13 € 

Thames ballast . : š : ç , : : : : 28 10 6 

Broken brick (3 in.) > š : : ы 11 6 

Best British Portland Cement (delivered London area). . perton 53s. to 55 © 

Rapid-Hardening Portland Cement . š . . delivered London 105. per ton extra 

'" Super-Cement"' . : š per ton 83s. to 88 o 

“Lightning” Brand Aluminous Cement . š : . » 1005. to 105 6 

Ciment Fondu : š : : қ : š . works f.o.r. 95 0 

BOARDING FOR SHUTTERING— Sawn. W rot. 

s. d. s. d. 

rin. . . . . . . . . сор square 23 6 2) 6 

1$ in. . . . . . . . . T 29 6 33 6 

I$ in. . . . ө» 35 Ө 41 0 
SAWN TIMBER FOR STRUTS AND SUPPORIS— | 

3 in. by 4 in. . . : . . from {22 per standard 

3 in. by 6 in. and 3 in. "ву 7 in. . А қ : . эг £20 0, T 

Мио STEEL Кор8 FOR REINFORCEMENT— s. d. 

in. to 21 in. Rounds . А 5 . : . percwt. 10 6 

lis. to 1 in. Rounds . . . b 10 9 

1 in. Rounds . . . . " II 0 

1 in. Rounds . . . 12 0 
Breeze Slabs рег yd. super: 2 ini; I/II; 24 іп., 2 /4; 3 in., 2/9; 4 in., 3 /6. 
MATERIAL AND LABOUR, INCLUDING 10 PER CENT. PROFIT. 

(Based on Contracts up to £2,000.) 

PORTLAND CEMENT CONCRETE WELL MIXED IN PROPORTION 1:2: 4— s. d. 
Do. do. in foundation . : : : š . per foot cuLe го 
Do. do. in columns в : " š : : Ж Ёл I 11 
Do. do. in beams. " А д : : : m i 2 1 
Do. do. in floor slabs 4 in. thick . . . . per yard super 5 š 
Do. do. in floor slabs 5 in. thick . : : š is ” 7 ° 
Do. do. in floor slabs 6 in. thick . : š š vs м 86 
ро. 40. in floor slabs 7 in. thick . . : . » وو‎ 9 10 
Do. do. in walls 6 in. thick . қ 8 2 


(444 for hoisting 3s. 6d. per yard cube above grownd- -floor level. Add for “ Ferrocrete” 
15. 104. ber yard cube.) 
STEEL REINFORCEMENT, INCLUDING CUTTING, BENDING AND PUTTING INTO 


POSITION AND SECURING WITH STOUT BINDING WIRE— 5. 4. 
From $ in. to § in. . : . . , : . . percwt. 22 6 
" Ж in. ег: š ї : ç 4 i š : vi 21 6 

$ in. to 2j in "DU š 2o Ó 


EXTRA LABOUR TO `BENDS in pin. rods, 44.; На. rods, 1d. ; kin. "rods, Id. ; 
§-in. rods, 144., 4-1. rods, 124.; j-in. rods, 2d.; r-in. rods, 24d. ; 1$-10. rods, 
3d.; 1]-in. rods, 314.: іі-іп. rods, 434.; елы оба. 64. (per bend per cwt.). 


EXTRA LABOUR TO HOOK BENDS: 1 in., ; Win., 24.; ġ in., 24d.; $in.. 
34.: Zin., 344.: {іп., 44.; 1 in., 44d. ; 1| in., (У ; Il in., 7d. (per bend per cwt.). 
SHUTTERING— s. d. 


Shuttering and Supports for Concrete Walls (both sides measured) per square 59 o 
Centering to Soffits of Reinforced idi Floors and Strutting, average 
10 ft. high . . . per square 55 0 
Do. do. in small quantities А š . per ft. super o 10 
ShutteringandSupportsto Stanchions for easy removal, average 18 in. by 18 in. 
рег ft. super o 11} 


Do. do. as last, in narrow widths. : © s Its 
Do. do. to sides and soffits of beams “average in. by 12 in. ae 28 I Т 
Do. do. as last, in narrow widths. қ š TAPA 1 3 
Raking, cutting, and waste to shuttering . . . . рег ft. гоп o 3 
Labour, splay on ditto . . is o 2 
о 3 


Small angle fillets fixed tointernal angles of shuttering to form chamfer ,, 23241 

WAGES.—The rates of wages on which the above prices are based are :—Carpente:s 
and joiners, 1/94 per hour; Carpenters working on old shuttering, 1/10} ; Labourer: 
on building works, 1/43; Men on mixers and hoists, 1/5}; Bar-benders, 1/5}. 


[* This Data is specially compiled for Concrete and Comsteuctional Engineering, and is strictly copyright! 
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Prospective New Concrete Work. 


ACCRINGTON. — Reservoir. — The Ас- 
crington District Gas & Water Board is 
preparing a scheme for the construction 
of a covered reservoir. 

ACLE.—Bridge.—The Eastern High- 
ways Committee of the Norfolk C.C. is 
seeking advice on the proposal to erect 
a bridge at Acle. 

ANNFIELD PLAIN.—Road.—The U.D.C. 
proposes to construct a road from Delight 
Bank to the St. John's housing estate at 
Dipton. 

BARMOUTH.—Sea Defence Works.—The 
U.D.C. is seeking permission to spend 
{20,000 on sea defence work. 

BLacKwooD.—Houses.—The Bedwellty 
U.D.C. has applied for permission to build 
120 houses at Blackwood. 

BRAINTREE. — Water Tower. — The 
U.D.C. has applied for sanction to borrow 
14,076 for the construction of a water 
tower. 

BUSHBURY. — Road. — The Cannock 
R.D.C. proposes to spend £12,000 on the 
construction of a by-pass road to connect 
Park Village, Heath Town, with the main 
road from Wolverhampton to Stafford. 

CHARLWOOD.—Bridge.—The Reigate 
R.D.C. has applied for a grant towards 
the cost of constructing a bridge over 
the Mans Brook, Charlwood. 

CHEpsTow.—Road.—The U.D.C. is con- 
sidering a scheme for the construction of 
a road through the town to the footbridge. 

COLERAINE. — Concrete Road. — The 
U.D.C. proposes to spend £2,540 on re- 
constructing Strand Road in reinforced 
concrete. 

CoLNE.—Houses.—The Т.С. is seeking 
permission to build 52 houses on the 
Birtwistle Avenue site. 

COVENTRY. — Reservoirs. — The City 
Council proposes to construct service 
reservoirs at Coundon, Meriden Ridge, 
апа Corley, and water towers near 
Earlsdon and Tile Hill. 

CouLspoN.—Bridge.—' The Coulsdon & 
Purley U.D.C. is considering a scheme for 
the provision of a bridge at Foxley Hill 
Road. 


FOR SALE. 
WELL-EQUIPPED WORKS, manufacturing RE- 


CONSTRUCTED STONE and owning large 
adjoining QUARRY, are prepared to consider offer 
for same. Bradford district. Apply Box 1277, Con- 
CRETE AND CONSTRUCTIONAL ENGINEERING, 20 Dart- 
mouth Street, Westminster, S.W.r. 


CROYDON.—Concrete Wall.—A rein- 
forced concrete wall is to be constructed 
at the Mitcham Road Cemetery. The 
cost is estimated at £2,250. 

EDINBURGH.—Bridges.—Two bridges 
are to be erected on the main Edinburgh- 
Glasgow Road at Blackhall. 

EsHER.— Road.—The U.D.C. has in- 
structed the Surveyor to prepare plans 
for the construction of a road from 
Batchelor’s Hill to the Esher boundary. 

GLASGOW. — Concrete Cottages. — The 
T.C. proposes to erect 1,000 concrete 
cottages at a cost of £390 each. 

GooLE.—Houses.—The U.D.C. has in- 
structed the Surveyor to prepare plans 
for the construction of 50 houses. 

GREENWICH (LONDON).—Houses.—The 
B.C. is seeking sanction to borrow £36,176 
for the construction of 76 houses at 
Charlton Park. 

GUILDFORD.—Houses.—The Housing 
Committee is considering a scheme for 
the erection of 24 houses and 8o flats on 
the Aldershot Road estate. 

Hamwortny, — Piling. — The Poole 
Harbour Commissioners have under con- 
sideration the question of piling repairs 


at the Commissioners’ Wharf. The cost 
is estimated at £5,000. 
HavEs.—Howses.—The U.D.C. pro- 


poses to erect 50 houses. 

HEaNoR.—Howuses.—The U.D.C. pro- 
poses to build 120 houses. 

Hury. — Bridge. — The Startforth 
R.D.C. is considering a proposal to erect 
a bridge over the Howgill Beck. 

KELLS.—Houses.—The Whitehaven 
T.C. proposes to build 54 houses by 
direct labour. The cost is estimated at 
£340 each. 

KIRKCALDY.—Houses.—The T.C. pro- 
poses to build 144 houses. 

LEsriE.—Houses.— The T.C. is con- 
sidering a scheme for the construction 
of 40 houses on the Maryfield site. 

LiMERICK. — Concrete Pavilion. — The 
Garryowen Football Club proposes to 
build a reinforced concrete pavilion at 
Market Fields. 

LITTLEHAMPTON.—Concrete Road.—A 
20-ft. concrete road is to be constructed 
at Wick, at an estimated cost of £4,800. 

LLANDOVERY.—Bridge.—The Сагтаг- 
thenshire Main Roads and Bridges Com- 
mittee has agreed to build a bridge at 
Pontrhydowen, Llandovery. 
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LONDONDERRY.—Houses.—The Cor- 
poration Finance Committee is seeking 
sanction to borrow £40,000 for housing 
purposes. | 

OrsETT.—Houses.—The R.D.C. has 
applied for sanction to erect 200 houses. 

PERTH.—Hotuses.—The Housing Com- 
mittee has recommended the T.C. to build 
150 houses. 

Ross. — Houses. — The U.D.C. has 
applied for permission to build 50 houses 
at Redhill. 

SCARBOROUGH. — Promenade. — The 
T.C. has applied for sanction to borrow 
£12,370 for reinforced concrete work in 
connection with widening a portion of 
Spa Grounds and South Cliff gardens. 

SHAW. — Houses. — The Crompton 
U.D.C. proposes to erect 50 houses in the 
Shaw district. 

SOWERBY.—Houses.—The U.D.C. pro- 
poses to build 50 houses on the Beech- 
wood estate. 

STOURPORT.—Promenade.—The U.D.C. 
proposes to construct a 10-ft. promenade 
along the river bank for a distance of 
about 400 yards. 

VENTNOR.—Groynes.—The U.D.C. has 
applied for sanction to borrow £1,000 for 


x 

B DUCKHAMS 
CONCRETE ' 

MOULD 

x OIL 

x 


GOES FARTHEST 
FUNCTIONS BEST 


ALEXANDER DUCKHAM & Co.,Ltd 
6 BROAD ST. PLACE, LONDON, Е.С. 


the construction of groynes on the Eastern 
Esplanade. 

WARRINGTON.—Concrete Bridge.—Tav 
Manchester Ship Canal Co. proposes te 
erect a reinforced concrete bridge ove: 
Moore Lane, near Warrington. | 

YIEWSLEY.—Houses.—The U.D.C. hes 
applied for permission to build 250 house: 


Tenders Accepted. 


BERRY DEN.—Concrete Water Tower.— 
The Northern Co-operative Society, Ltd., 
have accepted the tender of Messrs. Clark 
& Chapman, Aberdeen, for the construc- 
tion of a reinforced concrete water tower. 

COATBRIDGE. — Concrete Floors. — The 
Lanarkshire Education Authority has 
accepted the tender of Messrs. Loudon & 
Inglis, Coatbridge, at £4,480, for the 
construction of concrete floors at the 
technical school. 


SPECIALISTS IN CONCRETE CONSTRUCTION 


EDWARDS Construction Go., то. 


PUBLIC WORKS CONTRACTORS 
SPECIALISTS IN REINFORCED 


CONCRETE STRUCTURES 


ALDINE HOUSE, 
10-13, BEDFORD STREET, 
STRAND, 
LONDON, W.C 2. 


TELEPHONE: 
Recent 6353 
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FovNESs. — Concrete Culvert. — The 
Foynes Harbour Board has accepted the 
tender of Messrs. Т. H. Bramall & Son. 
Limerick, at £943, for the constructio: 
of a reinforced concrete culvert at їг 
harbour entrance. 

FRIMLEY GREEN.—Concrete Houses — 
The Frimley U.D.C. has accepted th 
tender of Mr. Renn, Frimley Road, Сап- 
berley, at £3,178, for the constructi« 
of 8 concrete houses. 


C. MISKIN & SONS, LTD. 
Builders and 


Ferro-Concrete Contractors 


ST. ALBANS and 
1 LONG ACRE, W.C2 
‘Phone - - St. Albans 593; Gerrard 1588. 
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FRINTON-ON-SEA.—Concrete Sea Wall. 
—The U.D.C. has accepted the tender of 
Messrs. May, Gurney & Co., Ltd., at 
£3,193, for the construction of a reinforced 
concrete sea wall. Other tenders sub- 
mitted: J. L. Emery & Co., £3,515; 
W. Green & Sons, £3,615; T. Wilkinson 
& Co., £3,949; E. Kearton & Partners, 
£4,211; G. Wimpey & Co., Ltd., £4,250; 
Middleton & Keene, Ltd., £4,377; W. & 
C. French, £4,510; F. Mitchell & Son, 
Ltd., 74,775: A. E. Farr, £5,002; J. 
Shelbourne & Co., Ltd., £5,388. 

GLascow.—Concrete Bunker.—The Cor- 
poration has accepted the tender of 
Messrs. Gray's Ferro-Concrete Co., Ltd., 
at £4,799, for the construction of a rein- 
forced concrete bunker. 

IpswicH.—Concrete Bridge.—The Т.С. 
has accepted the tender of Messrs. 
Stewart & Partners, at /2,885, for the 
construction of a reinforced concrete 
bridge. 

LANGHAM.—Concrete Bridge.—The Rut- 
land C.C. has accepted the tender of the 
Reinforced Concrete Construction Co., 
for the reconstruction of Langham Bridge. 


ي ل ~~ 


TENDERS ACCEPTED. 


LEwisHAM(LoNDON).—Concrete Road.— 
The B.C. has recommended for acceptance 
the tender of Mr. |. W. Adams, at £1,891, 
for the construction of a concrete road 
in Arthurdon Road. 

NEWENT. — Concrete Bridge. — The 
R.D.C. has accepted the tender of 
Messrs. Hobrough & Co., Ltd., Gloucester, 
at {792 25. 4d., for the construction of a 
reinforced concrete bridge at Ketford. 
Other tenders submitted: Johnson's 
Reinforced Concrete Engineering Co., Ltd., 


£1,560; James Joiner & Со. Ltd., 
£1,552 105. 8d.; A. E. Farr, London, 
£1,100 ; W. A. Porter, Derby, 


11,042 105. 104. 

PooLe.—Concrete Groyne.—The Har- 
bour Board has accepted the tender of 
Messrs. |. Howard & Co., at £245, for the 
construction of a concrete groyne. 

SOUTHAMPTON.—Concrete Road.—The 
Corporation has accepted the tender of 
Messrs. H. Osman & Co., Ogle Street, 
Southampton, at 42,675, for reconstruct- 
ing Knighton Road in reinforced con- 
crete. 

SUDBURY.—Concrete Bridge.— The Mid- 
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MORE 
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PER DAY 


REX 


MIXERS 


A PERFECTLY DESIGNED FAST MACHINE WITH 


LOW OPERATING AND MAINTENANCE 


GOWAN HULBERT 


ABBEY HOUSE, 


Telephone: Victoria 9777 
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TENDERS ACCEPTED (ON RETE 

TOTTENHAM (LONDON). — Conert 

кон 2. ЭР” Houses.—The U.D.C. has accepted the 
ALES! required with g now- : 

Е ledge of Reinforced Concrete Construction for tender of Messrs. J ohn Laing & Son, Ltd. 

the Lancashire Area. Only hoa eds sound Mill Hill, N .W., at £ 57.959, for the con- 

experience need apply. Box 1278, ‘‘CONCRETE AND : Б 

CONS IKUCTIONAÉ ENGINEERING," 29 Dartmouth St., struction of 110 concrete houses on tke 
London, S.W.r. White Hart Lane estate. 

dlesex C.C. has accepted the tender of WIMBLEDON (LONDON).—Tea Chalet.— 


Messrs. Peter Lind & Co., at £12,845, for The B.C. has accepted the tender of 
the construction of a reinforced concrete Messrs. Christiani & Nielsen, at 
bridge over the Metropolitan District £1,308 10s. 7d., for the construction of 
Railway at Sudbury. a tea chalet in Wimbledon Park. 


British Portland Cement Association. 


THE British Portland Cement Association has recently opened new branch offices 
in the provinces. The various addresses of the Association are now as follows: 
Head Office.—20 Dartmouth Street, London, S.W.r. 
South-Western Counties.—08 Queen's Square, Bristol. 
South Wales Area.—59 Queen Street, Cardiff. 
Midlands.—21 Waterloo Street, Birmingham. 
North-Eastern Counties.—New Street Chambers, York. 
North Wales and North-Western Counties.—41 John Dalton Street, Manchester. 
Scotland.—63 George Street, Edinburgh. 
Ireland.—14 Dawson Street, Dublin. 


Trade Notices. 


New Cement Works.—Messrs. G. & T. Earle, Ltd., are about to erect a large 
cement works near Hope, Derbyshire. Тһе works will be about 14 miles from Shetheid 
25 miles from the centre of Manchester, and will also serve the Chesterfield, Barnsley. 
and Potteries area. The Hope Valley is one of the most beautiful districts in England. 
and precautions are being taken to ensure that it will not be spoiled. The works are 
to be placed at a distance from the main road, and the appearance of the plant will 
be made as attractive as possible. Owing to the closing down of а neighbounnz 
works there is considerable unemployment in the Hope Valley, and it is anticipated 
that the new works will add to the prosperity of the district. Electric power will be 
used for driving the plant, and electricity will also be made available in the village 
near the works. 


" Rooshors,’’—We are asked to bring the notice of our readers to an erroneous 
statement contained in the announcement of Messrs. Cowan Hulbert Ltd., of Abbey 
House, Victoria Street, Westminster, S.W.r, in last month's issue. It was stated 
that the number of self-lock adjustable “ Rooshors ” in use in the London area Ул 
over 1,000. This should, of course, have been 10,000. 
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EARLES CEMENT 
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A CONCRETE Хетта A 


blocks were forced 20,000 times over this concrete test sand 
being ted to Һе 's to the nov has been P.84 SILICATE 
severe friction. The concrete and bas rapidly 


Р.84 SILICATE or Sopa 


BRANO 
HARDENS, DENSIFIES AND STRENGTHENS CONCRETE 


Brunner MOND & Co. LIMITED 
A subsidiary company of Imperial Chemical Industries, Ltd. 


NORTHWICH CHESHIRE 
LONDON SALES OFFICE: 8 GROSVENOR GARDENS, S.W.1. 


BRITISH STANDARD 
CEMENT CO. 


(Sole Proprietors, E. J. & W. GOLDSMITH, LTD.) 


" PORTLAND CEMENT 


of the Highest Quality. 
Contractors 10: 


London County Council. 


Thousands of tons supplied to: 


British Empire pd gr pesa, 
Kirkcaldy and Lowestoft Sea pes Works, 
„ etc. 


City Office: 110 FENCHURCH STREET, E.C.3. 
Telegrams : “ Tricolour, Fen, London.” Telephone : Avenue 7211 (3 lines). 
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BRICKBREAKER 


FREDERICK PARKER LTD. 
Viaduct Works, 
Catherine Street (Extension) 


LEICESTER. 
one 5373/ 5374 Leicester. 
Grams: “ Crushing, Phone, Leicester." 
London Office: 
Talbot House, Arundel Street, Strand, W.C.2 


O.C. MIXER 


Amongst a big range of Contractors’ Plant made by 
us, the two machines shown are particularly useful 


The O.C. Mixer has a 7 ft. cubic capacity, is driven by 
a 34 НР. Lister Engine and in its design 1 is embodied 
all the most up-to-date improvements in Mixer con- 
struction. The mechanism is simplicity itself, and б 
easy running qualities are unsurpassed. A Perfet 


Mix in the shortest possible time is always sure with 
an O.C. 


The Brickbreaker is another machine that a Contractor 
cannot well ignore ; it deals with bricks, etc., ina mos 
efficient manner and continuously stands up to hard 
work without strain. Made also as a Portable wit 
engine attached to same carriage, if desired. 
Made at our own works, therefore “ Thorough! 
British." 


Write us for advice and catalogue, without obligation 


B.C. X, /R.CT. 
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WAREHOUSE, KENSAL ROAD, W.10. 


REINFORCED CONCRETE 


A SPECIALITY 
Structures of every description in 
Reinforced Concrete, Steel or Brick 


Telegrams: ''Refcretcon, Phone, London,” Telephone: Victoria 6590 (3 lines). 


44 GROSVENOR PLACE, LONDON, S.W.1. 
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| Ferro-Concrete Cooling Towers for Leicester Corporation, 130 тее ыр | 
ENGINEER: Т. R. Змтн, Esq., M.Inst.E.E. 
To order of the Mitchell Conveyor and Transporter Co., Ltd. 
THE YORKSHIRE HENNEBIQUE CONTRACTING CO., La 
VIADUCT WORKS, KIRKSTALL ROAD, 


LEEDS. 


'Phones: 20687-20688 Two Lines. ‘Grams: “Ferro, Leeds.” 


WASHED 


` BALLAST, SAND, SHINGLE 


and Reinforced Concrete Materials. 


Messrs. WILLIAM BOYER & SONS, LTD. 


Supplied in Truck Loads to any Sand and Ballast Specialists, 


Railway Goods Station in London WHARF 
and Suburbs or by кы on Canal. IRONGATE | 


Telephone : Paddington 4200. Two lines, PADDINGTON BASIN, W. 


vi 


Decem 2 1927. 


“1 705 72 Ш15 9 97 8 2 УЛП КУЛШ 7 КУ ЛУИ 


CONSIDERE 


REINFORCED CONCRETE DESIGN. 


ДҮ М! АШ 


NIA 


MESSRS, CARRERA'S NEW FACTORY, MORNINGTON CRESCENT, N.W.1. 


Telegrams :— 


SPIRALETTE-LONDON. CONSIDERE CONSTRUCTIONS 144. 


x43 VICTORIA. 72 Victoria Street, SW. 
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IHE ONLY HOLLOW FLOOR 


on the market which contains a permanent metal core and 
can, under the direct supervision of the Architects, be 


Telephone: MAD E О N S ITE Telegrams: 


1061 Huddersfield. - “ Hollocon, Huddersfield." 
- Send for Particulars - 


PRECAST CONCRETE, LTD., HUDDERSFIELD 
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CONVEYING E- SCREENING PLANTES 
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F. & C. Robins Portable Conveyor and Screen in use іл а Kentish Gravel Ри, 
Fraser & Chalmers Robins Portable Conveyors effect an immense saving of time, 
labour and expense. 


machines handle rubble, bricks, batch concrete, etc., with 
equal facility. The belt carries its load without the aid of skirt boards ; its capacity is 40 
tons арб hour. Standard lengths are 20, 25, 30 апа 35 feet. Write for prices and full 
particulars. 


FRASER ғ CHALMERS ENGINEERING WORKS 
ERITH, KENT. 


LONDON OFFICE: MAGNET HOUSE, KINGSWAY, W.C.a 
Associated with ROBINS CONVEYING BELT CO. of U.S.A. 
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IBLAWFORMS 


i PATENT STEEL SHUTTERING 
| FOR ALL TYPES OF 
CONCRETE CONSTRUCTION 


Save capital expenditure by 
hiring your shuttering ас 
reasonable rates. No job too 
small or too big. Send us 
particulars of your work and 
we will frankly advise you 
| whether “ Blawforms " will 
show a saving over other 
methods. In doing this you 
incur no obligation. Our ser- 
vice is at your disposal. 


OTHER USEFUL EQUIPMENT :— 


'" BLAW-KNOX " Road and Curb Forms. 


'" BLAW-KNOX " Batchers and Batcher- 
plants. 


* BLAW-KNOX " Inundators for Constant 
Concrete. 


“ BLAW-KNOX " Clamshell Buckets. 
“ MALONE " Anchors. Steel Grating. 
Transmission Towers and Poles. 


MILLIKEN BROTHERS & BLAW-KNOX, LTD. 


CONTRACTORS TO THE HOME, BRITISH DOMINIONS & FOREIGN GOVERNMENTS. 


WELLINGTON HOUSE, STRAND, LONDON, W.C.2. 


Telephone: REGENT 3924 (2 lines). Telegrams: MILLSTRUCK, RAND, LONDON. 
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SERES CONCRETE 


ONSTRUCTION. 


STRESS IN TONS PER SQ. IN. 


AUTO-GRAPHIC STRESS-STRAIN DIAGRAM 
Lnd  —— 2 


DRAWN STEEL WIRE AS USED IN B. R. C. FABRIC AND 
COMPARATIVE DIAGRAM OF ROLLED STEEL Rops 


The above diagram shows an average stress-strain 


| | | 
curve for the drawn wire used in B.R.C. Fabric 

compared with a stress-strain curve for a rolled steel 

rod rather above the average. At a stress of 20 tons 

per sq. inch the rolled steel yields considerably 

and has reachel the end of its useful life, but the 

drawn wire retains its elastic strength and its full 

usefulness up to a stress of 35 tons per sq. inch. 

The diagram demonstrates why a slab reinforced 
with B.R.C. Fabric will carry more than 50% heavier 
load than a similar slab reinforced with rolled steel. 


The BRITISH REINFORCED 
CONCRETE ENGINEERING 


CO., LTD. 

Head Office & Works: STAFFORD 
Branch Offices: Lonvon (King's Bldgs.. Smith 
Sq., Westminster), LEEDS, MANCHESTER, BRISTOL, 
LEICESTER, 
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Filter Beds, Egham, for the South-West Suburban Water Co. 


Engineer - - Mr. H. Aus‘in Palmer. 


p 


We co-operate with Architects and Engineers in the design of rein- 
forced concrete work for all classes of structures. 


For over twenty years we have been engaged in the design of such 
work, and the experience gained by us over this long period 
is at your disposal. 


Preliminary designs and estimates of cost submitted free of charge. 


INDENTED BAR AND 


CONCRETE ENGINEERING 


CO CED: 
QUEEN ANNE'S CHAMBERS, WESTMINSTER 


: Telephone : 
d ul issus LONDON, S.W.l. Victoria 1642 (2 lines) 
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SIDE GROOVE STEEL PILING 


FOR TEMPORARY OR PERMANENT CONSTRUCTION. 


ALL 
DESCRIPTIONS 
OF PILE 
DRIVING 
PLANT AND 
EQUIPMENT, 
FRAMES, 
WINCHES, 


SIDE GROOVE STEEL PILING IN USE FOR COFFERDAM DURING 
CONSTRUCTION OF NEW BRIDGE OVER RIVER LEA. 


The Side Groove Steel Piling Supply Co., Ltd., 


й Dime 17 VICTORIA STREET, ; 
шиг SOWEST, LONDON, S.W.1. VICTORIA 1335. 


THE best on the market for reducing hard materials. Їп- 
valuable for Concrete, Roads and Building Send. 


Our No. 2 Crusher reduces shingle, gravel, flint and other 
hard materials to 17 down to unl at 10 to 15 tons per hour; 


B.H.P.18 to 20. Output remarkably cubical, with sharp edges. 


Tur PATENT LIGHTNING CRUSHER Co. Lr». 


14a Rosebery Avenue, LONDON, Е.С.1 
Telegrams: “ Agenciador, London.” Telephone : Clerkenwell 6298. 
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PILE FOUNDATIONS PILING AND OTHER 
FOR WATER SPECIALIST 
хал MUR WORK CARRIED OUT 


LONDON GAS WORKS 
Send your enquiries to me and get 


A. E. FROST, Schemes and Estimates free ‘of 
ENGINEER charge. Superior workmanship 
ё combined with scientific and 


economic design. 


À. E. FROST 


SPECIALIST IN 
REINFORCED 
CONCRETE WORK 


CONTRACTOR 


21 EWART GROVE, N.22. 


Telephone : PALMER'S GREEN 2231. 
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PIN YOUR FAITH 
TO THE TESTED 
BRAND. 


THIS LABEL ОМ 
EVERY BARREL 
CARRIES WITH IT | 
TWENTY YEARS' 
EXPERIENCE OF 
MANUFACTURE. 


NONE OTHER 15 
“JUST AS GOOD” 


COLWICK, 
near NOTTINGHAM 


FERRO -CONCRETE 


TRENT BALLAST WASHED AND 
as raised with sand in. CRUSHED GRAVEL 


WASHED SAND р 210 


re 
: 
AGGREGATE FOR : 
+ 
+ 


Output 1,200 tons per day. 
Loaded on Rail, Barge or Road Vehicles. 


ARTIFICIAL STONE CIMENT FONDU 
“ HUMBER” BRAND PRE-CAST CONCRETE WORK 
FINEST PORTLAND CEMENT OF EVERY DESCRIPTION 
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REINFORCEMEN T AND 
ONCRETE аен, 


31, 
х я ES 


P WALKER-WESTON CLP 


PATENTEIS AND MANUFACTURERS DF 


DOUBLE & SINGLE LAYER ROAD 
REINFORCEMENTS. 
CONTRACTORS FOR 


GUARANTEED CONCRETE ROADS. 
E - T5NICTORIA 152109008 ҮП 


TELEPHONE: VILTORIA 96/6. TELEGRAMS. PYRAMINWAL SOWES. 7 LONDON.” 2 Z, УЕ, ГУ 


Border Bridge, Berwich-on- T weed 


PUBLIC WORKS CONTRACTORS 


GROSVENOR ROAD, S.W.1 


And at Newcastle-on- Tyne. | 
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B.R.C. Fabric can be supplied. 
with equal promptitude in rolls 
or in sheets—also in oblong 
mesh or square mesh to suit any 
requirement. It is the best grade 
of drawn wire— made from 
British mild 


quality is always the same. 


steel — and the 


The BRITISH REINFORCED CONCRETE 
ENGINEERING CO. LTD. 
Head Office S Works: STAFFORD. 


Branches : LONDON, (King’s Buildings, Smith Sq, 
Westminster, LEEDS, BRISTOL, CARDIFF 
MANCHESTER, GLASGOW, DUBLIN, BELFAST. 
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The Next Step 


iS YOURS 


That little bit of extra 
care and attention is 
the deciding factor in 
the placing of business 
to-day, and because we 
fully realise that, we are 
satisfied to let you decide 
whether our SERVICE 
merits a continuance of 
your confidence. 


Ї erro-Concrete Bars 


are guaranteed by 


Sheffield 


December, 1927. 
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кё Telegrams :— Telephone:— ë 
2 “ WHITEHEAD, TREDEGAR.” 103 and 104 TREDEGAR. Š 
p | 
2 Ч 
THE WHITEHEAD IRON 8 STEEL CO. LTD.: 
4% L ey ' Д 
s 
Ë TREDEGAR, MON. š 
2 3 
; 
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3 3 
s. Ы 
B : 
24 e e N 
= ° 
E Speciality : | 
24 
к TESTED BARS OF BRITISH E 
N à 4 
ni MANUFACTURE for FERRO- i 
N ы 
3 CONCRETE CONSTRUCTION | 
ры ^ 
3 : 3. 
3 Lengths supplied up to 80 feet š 
к with a maximum weight of E 
x r š 
боо 165. per bar or in coils 3 
4 
3 of long lengths. г 
3, 
Ë ! | Ë 
Е Stocks held of regular sizes in š 
E long lengths for immediate г 
қ delivery. D 
à ; 
= ы 
ER г 
is : 
E AGENTS: š 
London. . Birmingham. + 
4% ROBERT BOOTH, 110 Cannon Street, WM. BROWN, 142 College Road, Мое # 
p E.C.4. ley, Birmingham. 4 | 
Tel.: ‘‘ Crocus, Cannon, London." Phone: Birmingham South 332. ¢ 
я Phone: 1477 Central, London. Ч 
£ Glasgow. i^ 
Эг Manchester. W. W. TUNBRIDGE, 7 York Terrace. & 
ze? W. ARTHUR, 28 Deansgate, Manchester. Shettleston. Ë 
502 Tel.: ''Malleable, Manchester." Tel. : ‘Tunbridge,  Shettlestoz А 
° Phone: 782 City, Manchester. Glasgow.” ү 
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534 NISI. WATERPROOFING AND 
| 3 REINFORCEMENT. 


Estimates 
Submitted for 
Proposed New 

Works or 


Renovations. 


Our Engineers 

are Available 

for Advice on 
Request. 
WRITE FOR 


ILLUSTRATED 
BROCHURES. 


| UNDERGROUND RAILWAY, LONDON. 
Bolt holes and joints proofed by Sika. 


WE SPECIALISE IN STRUCTURAL 
WATERPROOFING 


SIKA LTD., 82 VICTORIA ST, 


——— WESTMINSTER - - LONDON, S.W.1. 
WATERPROOFS UNCONDITIONNUN Telephone : Victoria 3694. Telegrams: “ Sikaprufe Sowest, London.” 
pU 
|. SEWERAGE SCHEME 

—— ! for 


SUTTON 
(SURREY) UDC. 


Filter Beds, etc. 
Reinforced with 


«TWISTEEL" | 
FABRIC : 


Engineer and Surveyor : 
W. H. Grieves, C.E. 


Cont ractors : 


ALEX. THOMSON & Co. LTD. 


B&T ‘TWISTEEL’ REINFORCEMENT LIMITED | 


Wellington Crescent, New Malden, Surrey. 
Phone: Malden 0703 
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The BRITISH REINFORCED CONCRETE 
| ENGINEERING CO. LTD. 


Head Office: STAFFORD 


| 


BOOKS ON CONCRETE. 


For List of up-to-date books on 
Concrete and Reinforced Concrete 
send a post-card to: 


CONCRETE PUBLICATIONS Lro., 
20 DARTMOUTH STREET, 
WESTMINSTER. S.W.l. 


A.C.E. MACHINERY LTD. 


Manufacturers of up-to-date | 


CONCRETE MACHINERY 
AND 


ALL TYPES OF MODERN 
BUILDING PLANT. 


FRICTIONS HOISTS AND TACKLE. 
CONCRETE MIXERS from 3 to 21 cu. ft. 
COMBINED MIXERS AND HOISTS. 
CONCRETE SHUTES AND ELEVATORS. 
BLOCK, SLAB AND BRICK MACHINES. 
CLINKER AND BRICK CRUSHERS. 
STEEL BARROWS AND CONCRETE 
CARTS, Etc. 


Practical Demonstrations at any time. 


PORDEN ROAD, BRIXTON, 
LONDON, S.W.2. 


(Ж. PLASTIC 
xj GRANITE 


A surface more durable than solid granite i; 
produced by mixing ordinary cement with 
BETONAC metallic aggregate. 


It is steel hard, waterproof and practically 
dustless. Liquids cannot rot it. Frost can- 
not cause disintegration. 


Use this plastic granite for all wearing surfaces; 
roads, pavings; factory power station 
floors; silo. chute and bunker linings. 


Betonac can be floated with mathematal 
precision. Grades are supplied to produce 
any surface from dead smooth to rough. 


Full particulars and samples on application. 


BETONAC 


STEEL CONCRETE 


THE FRANCOIS CEMENTATION Co. Led. 
(Betonac Dept. 3), Bentley Works, 
DONCASTER. 


Write also for details of Asbestos Cement Pipes. | 


PUBLISHER'S NOTICES. 
This Journal is issued Meathly. 


All Articles in Cou Е Сотпа. Exncoan- 
ING are copyright, tter тарай алей 
өн permet d da Propaan... 


SusscaIPTION RATES (Prepaid. —Post free). Grem Вела, 
the Colonies, and all Foreign countries: 186. 


Publishing Offices : 20 Dartmouth Street, S.W.) 
Telegraphic Address : `° Concretius, Pari., 1 себе. 
Telephone No.: Victoria 4581. 
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| 130 yards of trench 


to a depth of 5 feet with this 
PRIESTMAN No. 15 HALF-YARD 
: UNIVERSAL EXCAVATOR. :: 


It is saving its cost over and 
over again on all kinds of 
Excavating and Loading Work. 


Write for Booklet 304. 


PRIESTMAN BROS., LTD. 


HULL and LONDON, S.W.1, 


dug in 8: hours 


PARTS OF THE WORLD 


The Most 
Efficient and 
Economical 
Grinding Bodies 
for Tube-Mills. 


-------- 


FOR MAXIMUM 


FLOUR IN CEMENT 
USE "HELIPEBS " 


HELIPEBS LIMITED, GLOUCESTER, ENG. 


REINFORCEMENT 
STEEL 


Supplying, Bending. Fixing 


THE ROM RIVER CO.LTD 
N* 7 WHARF, AMBERLEY RD 
PADDINGTON W 


HOW TO MAKE 
PRE-CAST CONCRETE 


Fifteen hundred copies of ‘‘ Manufac- 
ture and Uses of Concrete Products 
and Cast Stone” have been sold 
within three months of publication. 
The book that solves all problems in 
the manufacture of every description 
of pre-cast concrete and caststone. 
Contains over 50 working drawings 
of practical moulds for various units. 
Write for your copy to-day, price 5/6 
by post, to— 
Concrete Publications, Ltd., 

20 Dartmouth St., London, S.W.r. 
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Send a postcard for our complete list of 


BOOKS ON CONCRETE 


UNIFORMITY in 
DRAUGHTSMANSBIP 


The Draughtsman seeks a pencil which will invarabh 
give exactly the same thickness of line and exactly th 
same “darkness " of line, so long аз the same prese 
is placed upon it. Only with such а penal ante 
necessary accuracy and clarity be attained. 


The Perfect Pencil 


Koh-i-noor owes its world-wide reputation among 
Draughtsmen to the smoothness and absolute unix: 
texture of each of the 17 degrees of lead which manda 
gives the same results. 

This perfection has been achieved by long and carr 

ful research and maintained by using only the fine: 

materials obtainable, combined with extreme сап 

at cach and every stage of tts manufacture. 


Obtainable in 17 degrees (6B to ӘН) from Draw 
Material Dealers, Stationers, etc. Each, &: 
Dozen, 3/9; Six Dozen, 21/- ; One Gross, Й - 


L. & C. HARDTMUTH, 29 Kingsway, London. Mv- 


December, 1927. 


ONE. CONTRACT- 
ONE RESPONSIBILITY. 


In days gone by, the erection of a complete Cement Works meant 
the splitting-up of operations amongst perhaps half a score 
of Firms and Sub-Contractors. 


Overlapping and omissions were not unnatural—resulting in 
disputes, delays, and claims for extra cost. Responsibility was 
hard to fix, 


A contract placed with Vickers bears one responsibility only—for 
all sections of the work come within the Vickers organization. 


i ااي‎ ЛОБЕ 


Vickers’ new Cement Catalogue 
contains a brief survey of the 
manufacture of PortlandCement. 


May we send you a copy? 
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ickers House, 
Broadway, 
LONDON. и. 


December, 1927. 


| SCISM EOS LCDS 
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tolons Геллоси Е 
10 lots Blu Cc Curent 


The Organisation you 
are commanding 


If you could witness the gathering 
together of all the resources of the 
Cement Marketing Co., Ltd., at a single 
spot you might well be excused for 
rubbing your eyes in some astonish- 
ment. Men would be there to the 
number of a good sized army. Fac- 
tories would stretch before your eyes 
far beyond your vision. You would 
see fleets of motors, steamers, barges 
and lighters, enough to transport 
thousands of tons daily. This 


|] 
8 ( 
| / 
| / 


7А 


am |5 ^ 
CÜ wA sma содаға SJ. РТ 
, \ "^ LJ . . 


— g€ 


5 ТТТ Tr А ener 23) 


— 7 ———— 


xxiv 


' = "e 
dA =a " 


organisation is the largest of its kin: 
in Europe, singularly well placed r 
its resources, unique in the extent u 
its immense output, second to nor: 
in its enterprise and unequalled 17 
the quality of its products. lt: 
equipped and organised to study г“ 
serve the interests of cement uxt 
to a degree of thoroughness aX 
efficiency which a smaller сопот 
could not attempt. 


The most up-to-date 
Factories 


One of the modern factories tg 
which the Cement Marketing Co., Lis. 
draws its supplies is illustrated belo 
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At these factories all the ingenuity of 
modern science and up-to-date equip- 
ment is employed to produce better 
and still better cement. More than 
two milions of pounds have been 
invested recently in modern and 
Improved machinery to ensure that 
reliability and superlative quality for 
which the products of the Cement 
Marketing Co., Ltd., have won well 
deserved favour. 

Within this organisation neither effort 
nor expense have been spared for re- 
search and experiment. The cleverest 
brains have been recruited in the in- 
terests of efficient and economic 
production. 

These efforts have not been without 
their reward. Sales have assumed 
world-wide proportions and a great 
industry has flourished to the immense 
benefit of every cement user. 


For SWIFT Delivery 


Prompt delivery is another important 
benefit the Cement Marketing Co.,Ltd., 
has brought to the cement user. This 


na F 
LT " 


has been made possible by the estab- 
lishment of a national network of dis- 
tributing centres served by fleets of 
motor wagons, steamers, barges and 


lighters. The products of the Com- 
pany can be secured within a few 
hours at most places and certainly 
within twenty-four hours in any part 
of the British Isles, however remote. 
No job will ever be held up for lack 
of supplies if you have specified Blue 
Circle cement or “ Ferrocrete." The 
efficiency of the transport service of 
the Cement Marketing Co. ensures 
this. 

How efficient this transport is can be 
realized when it 15 understood that it 
shifts over 10,000 tons of cement each 
working day. 

It doesn't matter whether you want 
a few tons per day or 1,000, for either 
job the efficiency of this transport is 
the same. 


Free 


Technical Service 


Every user of the products of the 
Cement Marketing Co., Ltd., is entitled 


Continued on next page 
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to confer with its Technical Engineers 
as to the most efficient use of cement 
for any form of concrete work. 
There are men to advise you who have 
spent a life-time in this specialised 
field—men who have enjoyed un- 
rivalled opportunities for gaining 
knowledge and learning the lessons 
of hard experience. 


This service is entirely free. 


“РЕЕККОСКЕТЕ” 


The first and the finest 
Rapid Hardening 
Portland Cement 


ээ 


“ Ferrocrete " has ceased to be a 
novelty. It has become an accepted 
necessity continually revealing new 
ways of saving time and money. 

The very mention of rapid hardening 
cement invariably means “ Ferro- 
crete "— the first and the finest 
rapid-hardening cement yet produced. 
There is only one rapid hardening- 
cement for you to use and that's 


“ Ferrocrete." Don’t experiment. 
There is no need. The sale of 
“ l'errocrete " increased 84 per cent. 


in the first six months of this year 
as compared with the corresponding 
period in 1926. 

“ Ferrocrete ” has been used in almost 
every country throughout the world 
on account of its reliability and rapid- 
hardening qualities; concrete made 
with ''Ferrocrete " is as strong in 
4 days as concrete made with ordinary 
Portland cement is in 28 days. 
Every important urgent job uses 
“ Ferrocrete." 


lhe engineer or contractor knows 
why. 
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This road will 
be re-opened for 
та к APgGIE in 
four days im 
Mead of four 
weeks, thank; 
Jo the ын of 
" Ferrocrete ”” '” 


SOME RECENT JOBS FOR 
WHICH “ FERROCRETE " 
WAS SELECTED ARE 

Tilbury Docks Extension 

(new dock) 
Piccadilly (reconstruction) 
Westminster Bridge (reconstruction) 
Chelsea Embankment (reconstruction) 
St. Paul’s Cathedral (repair work) 
Bank of England (reconstruction) 
Broadway, New York (reconstruction) 
Epsom Grand Stand (reconstruction) 


The Strand (reconstruction) 
London Wall (reconstruction) 
Cornhill (reconstruction) 
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Î The Best Cement for 


"- 


‘ordinary Concrete Work 


For all purposes where the use of 
ordinary Portland cement is indicated 
Blue Circle cement is as good and 
economical a product as the industry 
ever produced. 

Its high quality and 
unfailing reliability ac- 
count for the use of 
millions of tons 
| annually. 


— 


| D his organisation markets the two 
| leading Portland Cements : 


BLUE CIRCLE 


and 


“FERROCRETE” 


(Regd.) 


The Rapid Hardening 
Portland Cement 


* 


THE CEMENT MARKETING COMPANY, LIMITED 

Selling Organisation of The Associated Portland Cement Manufacturers 

Limited, The British Portland Cement Manufacturers, Limited 

Portland House, Tothill Street, Westminster, S.W.1. Telephone : Victoria 9980 (20 lines). 
Telegrams : '' Portland, Рай, London." 
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The South Wales Portland 
Cement & Lime Co. (1924) Ltd. 
PENARTH, SOUTH WALES 


ESTABLISHED 1888 
CAPACITY 3,000 TONS WEEKLY 


Oement Works :— Lime Works :— 
PENARTH. PENARTH. 


Telephone :—PENARTH, 299, 300. Tolograms:—" CEMENT PENARTH.” 


x<. 
Ñegistereq Trade М9” 


BEST PORTLAND OEMENT. 
ABERTHAW LIME—LUMP & GROUND. 


Brands— 


SEVERN—DRAGON —COLOSSUS 


Our Cement is guaranteed to EXCEED the requirements of the BRITISH 
STANDARD SPECIFICATION of OCTOBER, 1926. 


Our DRAGON BRAND PORTLAND OEMENT —medium or slow setti 0 
is remarkably quick hardening and is re-eminently suitable for REINFO art 
CONCRETE WORK. Being especially well ground, it has an unusually 

percentage of flour, and is very economical in use. 


ON ADMIRALTY AND WAR OFFIOE LISTS. 
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The dawn of a new era in Cement 


Construction 


“ Supercrete,” the latest product of Smeed, Dean and Co., 

Ltd., is rapidly rising from the maze of competition and | 
taking foremost place amongst rapid hardening cements. 

* Supercrete " is now being used for Roads, Bridges and 
constructional work of every description by the principal 
contractors and Municipal Authorities throughout the country . 
We have a special department to answer technical enquiries 


and to give information on points of difficulty. You are 
invited to avail yourself of this free service and to “ Specify 


Supercrete." 


"Supercrete" is manufactured by 


SMEED, DEAN & CO. LTD. 
SITTINGBOURNE, KENT, 


And marketed by the selling organisation . 
YOUNG & SON, Ltd., Africa House, Kingsway, London, W.C.2 
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LEFT SACK 
КЕРКЕз ENT5 
1996 SALES 
RIGHT SACK 
1927 SALES, 
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COMPARE 
THESE SACKS 


ZEN 
— P- 
ED 


40087 PORTLAND CEMENT 
fem ре риб а. aU a Л ‚Сеш TD. ма. ба » 3 

1926 1927 

The demand for “Tunnelite” 
is increasing rapidly. 197 
Sales show an increase of 
150% over 1926. “Tunnelite” 
Rapid- Hardening Cement 
gives four weeks’ strength to 
concrete after three days. 
If necessary, shuttering can 


be removed after 36 hours. 


Specify 


АРАМДЫ 


LEADING MERCHANTS. 


—— — 2. 1. — А 


STOCKED BY 


THE TUNNEL PORTLAND Ё ES 
CEMENT COMPANY, LTD. %% <i LONDON, S.W.1. 


WORKS: WEST THURROCK, ESSEX. ’Phone: FRANKLIN 6164. 
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“DEPENDABILITY N 4 

Ship Canal “ENGLAND,” | 
* GREAVES," 

* HOLBOROUGH,” and 
* VITOCRETE ” 

Super Rapid Hardening. 


BUILDERS and 
CONTRACTORS 
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BRITAINS FOUR 
DEPENDABILITY CEMENTS 


meet your requirements. 


SPEED : ECONOMY : SAFETY 


From the Sole Distributors— 
THE RED TRIANGLE SERVICE, 


THE PORTLAND CEMENT SELLING & DISTRIBUTING Co. Lro. 
* SHIP HOUSE,” 20 BUCKINGHAM GATE, LONDON, S.W.| 
Telephone : Victoria 6012 (5 lines). Telegrams : ‘‘Selcement, Sowest, London." 
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^THE ROTARY MACHINES HAD BEEN RUNNING 10 HOUR SHIFTS 
WITHOUT A BREAK, AND THE OUTPUT OF EACH MACHINE WAS 
MORE THAN DOUBLE THE SPECIFIED OUTPUT." 


THAT— 


was the report we received 
recently concerning our 
popular Mixers which 
were engaged upon impor- 
tant constructional work. 
This statement needs no 
further comment as it 
emphasizes once again 
the superiority of the Ran- 
some Mixer, whether it be 
“Featherweight,” ‘‘Light- 
weight,” ‘‘ Middleweight” 
or Rotary Drum Model. 


CONCRETE MIXERS 
“THE FINEST MIXERS MONEY CAN BUY OR SCIENCE EVOLVE.” 


RANSOME ROTARY DRUM MIXERS 


have the distinct advantage of being a working unit always ready 
for use and easily transported. In addition they are manufactured 
in all sizes to suit customers’ individual requirements. 

These Mixers can be supplied with either Petrol Power Units, 
Electric Motor Units (Direct coupled or Motor and Control Panel 
as separate units), Steam Power Units (with or without Boiler) 
or for Belt Drive. 

[ Standard Road Wheels or Gauge Wheels | 


can be added at any time, bolt holes being 
provided 1n the frames. 


PRICES GREATLY REDUCED 
Write for latest Catalogues. 


Я & MUCIUS LTD. 


WATERSIDE 32 VICTORIA ST. 
WORKS. LONDON, 

IPSWICH, S.W.. 

H. ë H. 309. 
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Where | Conorete Must Endure 


SPECIFY 


SUPER 
CEMENT 


SUBMARINE 
BRAND. 


< 
k rRADe 


The great Penobscot Building in Detroit, U.S.A., will be forty-seven 

stories high—its huge foundations extend 132 ft. below street level. 

Concrete of maximum density and impermeability being essential, Super 
Cement was specified and is being used exclusively. 


SUPER CEMENT IS AN ENGLISH INVENTION. 
Every Sack is Labelled with our Trade Mark. 


SUPER CEMENT Ltd., 10 Upper Woburn Place, London, W.C.1. 


Telephone: Museum 2490. 


HOW MONEY IS SAVED ON 


FORMWORK 


Some appreciations from users of ‘‘ DESIGN AND CONSTRUCTION OF FORMWORK FOR 
CONCRETE STRUCTURES,” by A. E. Wynn, B.Sc., A.M.Am.Inst.C.E. 320 pp., 171 Illus- 
trations. Gives complete designs for Formwork for every type of concrete structure, from simple 
footings to arch bridges, with tables from which sizes and quantities of timber for any type or size 
of construction A be seen at a glance. Published by Concrete Publications, Ltd., 20 Dartmouth 
Street, S.W.1. Price 20s. (postage 9d. extra) :— 


Mark Round & Sons, Ltd. (Dudley): “We want to The Provincial] Construction Co., Ltd. (Sunderland) : 
keep abreast of modern construction, and eel sure the к “The book seems very complete and comprehensive, and 


gained from this book will be extremely useful should be of great use to those engaged on the actual construc- 
tion of concrete work." 
Galbraith Brothers, 144. о). кы book = 
in concrete work. The design tables tables ae invaluable, and t the The Reinforced Concrete Construction Co. 


(Manches- 
drawi temel labo ter): " This work particulari Із to us for its examples 
¿ky данх Дүрийн vd ipie наа озо: of шн and centering for the hea ie vier class of work, such 


the book cheap for the mass of valuableinformationitconteins." 23 M rE i киы so many well- 


ing Co. 
: “ This book is of inesti . & W. Stewart, Contract (London): "This 
жырақ and contrer It establishes or ay ri of formwork ere be = 25 the 10и a occus Й ever 
The text is lucid end i simpl 12: that th the fon technical mind шан and should. economical K а 


prove very : 
can make immediste use of the valuable matter contained number of useful tables which should enable shuttering to 
therein. The author deserves the sincere gratitude of the be speedily designed, as it that calculations can be 
dure асату for the com ilation of an exceptionally thorough entirely done away with. Tie a 

It is one of f the books no builder or contractor can with design, but gives the benefit of his obviously extensive 
бод to be without.” experiance ib actual constrüction ^ 


(Write for Detailed Prospectus aad copy of many other practical appreciations.) 


хал! 
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“СОМЕОКМ5” 


Patent 
WOOD-BATTENED STEEL SHUTTERING 


SCAFFOLDING (GREAT BRITAIN) Ltd. 
Lansdowne Road, London, S.W.8 
Brixton 2340-1 
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THE NO. T VICTORIA 

MIXER 

BUILT FOR YEARS 
OF SERVICE 


7 cubic feet mixed batch capacity ; 

5 b.h.p. Lister petrol engine ; 

Power operated sidewader; 

Automatic water measuring tank; 

Road wheel truck with swelling fire carriage. 


SEND FOR OUR LATEST CATALOGUE 


f AL 


MIXER DEPARTMENT 


т 


т 


ШЕ 


(ESTABLISHED 1820) 
MIXER DEPT 


of various s 

sizes from 5 cubic 
feet to 2 cubic 
yards mixe 

batch capacity 
GLASS 
BATCH 


MIXERS 


of various types 
and sizes from 
2% смз to2'tons 
batch capacity 


QUARRY 
EQUIPMENT 
including rotary 


screens hoppers 


conveyors elewbu 


etc 


TARMACADAM 


5 
in standard sizes 
From 34 tons per 
day upwards 


ASPHALT 
PLANTS 


ın standard sises 
of $610 tons 
per hour 
guaranteed oulput 
with moisture 
content 10% 


- ROAD . 
PAVING 
PLANTS 


with boom 
distributors 


CONCRETE 


and placing 
MORTAR MILLS 
TIP 


eto . 
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Аге you numbered among the 


12,000 users of 


WANDER 
CONCRETE MIXERS? 


Well over 12,000 №. 3 “ Wonder " Concrete 
Mixers have been sold. This batch-a-minute 
mixer (23 cubic feet of mixed concrete to the 
batch) will run a full nine hours’ day on 3 gallon 
of petrol. Ask us to quote you for this—the 
best mixer for general work. We have other 
sizes up to 2 cubic yards per batch. 


LIST SENT WITH 


Street, London, SW. 


za. | 
4 ^ QV Tarn a 
Зэс a, th 
OM í 1 ! 4 
MORE 544 
YDON, 
OLK. 


- 


| 


54^ Parliament ee 


xxxvi 


ИТЛЕ ТТ ТТТ Т ТТТ ТТИПТИ EZ EITETEITEHITER2ILIVITEITITITEEOLEEIEIEHTIEITHE ITE TE 0E 1 14" 


ШІП 


ТОР аты 


ЭШ 


Proved a Definite 
Saving in Roofing 
Costs 


To employ “ Permanite ’’ Asbestos 
Cement Slates is to effect not only 
a considerable saving in roofing 
costs, in some cases as much as 
25 per cent, but to add to the 
beauty of design and at the same 
time to ensure absolute weather 
protection. 


These slates аге tremendously 
strong, yet light in weight, and by 
reason of this fact render possible 
& lighter roof construction. They 
are quickly and easily fixed, will 


not warp or crack despite the efforts 
of rain or frost, and the colours 
will not fade. 


They are guaranteed weather-proof 
for a minimum period of twenty 
years, and, being obtainable in four 
colours—Grey, Blue, Red and Rus- 
set-Brown—have artistic qualities 
that architects are quick to realize. 
“ Permanite °’ Asbestos Cement 
Slates are made in two rectangular 
sizes—24 in. by 12 in. and 16 in. 
by 8 in. 


BPIEIRIMIAINILTTIER 


ыы налы 222 REE ESTES, 
ASBESTOS-CEMENT SLATES 


TURNER BROTHERS ASBESTOS CO. LTD. 


TRAFFORD PARK, 
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MANCHESTER 


LONDON : 120 Fen- 
church Street, E.C.3. 
NEWCASTLE-ON- 
TYNE: 4 Mosley St. 
~ BIRMINGHAM: 

« Cannon Passage, 
~ Cannon Street. 
GLASGOW: F. G. 
° Price & Co, Ltd., 
Limpet Works, 
Carmyle. 
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STEELWORK FOR RAPIDITY OF ERECTION; 
FOR UNDISPUTED RELIABILITY & STRENGTH 


DORMAN LONG AND COMPANY, LTD., MIDDLESBROUGH 


BRIDGE AND CONSTRUCTIONAL WORKS, MIDDLESBROUGH AND LONDON 
LONDON OFFICE: - - 3 CENTRAL BUILDINGS, WESTMINSTER, S.W 1. 


AND COMPANY, LIMITED 
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CON Х ENGINEERING ~; f $ 


PORTABLE HAND LEVER SHEARS 
WITH AND WITHOUT BENDING ATTACHMENT 


` FOR REINFORCED CONCRETE BARS 


Are unique in design and meet a long-felt need. 


| Designed for the cutting of Reinforced Concrete Bars, but equally useful for 

cropping squares, flats, angles and tees. By means of a Bending Attachment, 

forming part of the machine and worked off the eccentric shaft, the Rein- 

forced Concrete Bars can be bent into the required shape as shown in the 
illustration. 


x Built in 4 sizes for $”, 1°, 11" and 14” bars. 
Permanently guaranteed Armour Plate Frame 


CALL AND SEE IT WORKING AT 
34 OSNABURGH STREET, - LONDON, N.W.. 


HENRY PELS 


шоо 1927. 


Standard STRAIGHT WALL 


MET AFORMS 


Moulding Concrete Pile Caps. 


View showing true line on Pile Caps moulded with standard METAFORMS. 
Contractors: Messrs. SIMPLEX CONCRETE PILES LTD. Victoria Street, LONDON S.W. 


PERFECTLY SMOOTH SURFACE 
CERTAIN WITH METAFORMS 


so that no rendering is ever necessary. 


‘METAFORMS’ are availatle in 17 different widths of Plate 
covering every odd 4 inch length, also three Corner Units, and 
special sliding plates for odd fractional inch lengths. 


Any form, angle, sunk or raised panels. columns, bays. etc., can be 
quickly set-up with a single outfit of stock size « METAFORMS." 


THESE FORMS ENABLE AN INFINITE VARIETY OF “IN-SITU” 
WORK TO BECARRIED OUT RAPIDLY AND AT VERY LOW COST. 


There are no loose gadgets or parts to make the setting-up in 

any way difficult—ordinary labour can erect METAFORMS just 

as efficiently jas skilled men—no carpenter labour is required — 
and these FORMS have at least 10 YEARS effective life. 


DON'T BUY ANY MORE TIMBER—USE METAFORMS. 


and CES em 11 QUEEN wenig gr. 
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REINFORCED CONCRETE ENGINEERS 


The Kahn System 
s. 4 = M а: | 
TR аә ج‎ 


The Flemington Grand Stand, Victoria, N.S.W. 
Erected in Reinforced Concrete on the Kahn System. 


For years past we have been engaged solely on reinforced concrete 

construction—thousands of buildings have been erected to our 

designs and our engineering staff has been required to deal 

with multifarious problems. The experience thus obtained is of 

the greatest value, and it is this exceptional engineering service 
that we are able to offer to architects. 


THE TRUSSED CONCRETE STEEL CO., LTD. 


22 CRANLEY GARDENS. 
SOUTH KENSINGTON, S.W.7 
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Aggregates. 
Boyer, William, & Sons. 
Buckland Sand and Silica Co., Ltd. 
Stockton Stone & Concrete Co., Ltd. 
Stone Court Chalk, Land & Pier Co. 
Trent Concrete, Ltd. 


Asbestos-Cement Products. 
Turner Bros. Asbestos Co., Ltd. 


Bar Benders. 
Kennedy, W. 
Pels, Henry. 


Block and Tile Machinery. 
A.C.E. Machinery, Ltd. 
Goodwin, Barsby & Co., Ltd. 
Ransomes & Карт, Ltd. 


Cement. 

Associated Portland Cement Manufac- 
turers, Ltd. (Ltd. 

British Portland Cement Manufacturers, 

British Standard Cement Co. 

Cement Marketing Co., Ltd. 

Crosfield, Joseph, & Sons, Ltd. 

Dunstable Portland Cement Co., Ltd. 

Earle, G. & T. (1925), Ltd. 

Holborough Cement Co., Ltd. 

Lafarge Aluminous Cement Co., Ltd. 

Portland Cement Selling & Distributing 
Co., Ltd. 

Smeed Dean & Co., Ltd. 

South Wales Portland Cement & Lime 
Co. (1924), Ltd. 

Super Cement, Ltd. 

Tunnel Portland Cement Co., Ltd. 

Young & Son, Ltd. 


Cement-making Machinery and Plant. 
Brookhirst Switchgear, Ltd. 
Goodacre, Wm., & Sons. 
Hardy & Padmore, Ltd. 
Helipebs, Ltd. 
Hudson, Robert, Ltd. 
Patent Lightning Crusher Co., Ltd. 
Peckett & Sons, Ltd. 
Priestman Bros., Ltd. 
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1 Materials. 
Bailey, William, & Son. 
Peters, С. А., Ltd. 


Angio Panish Concrete Construction 
Boot, Henry, & Sons, Ltd. [Co., Ltd. 
British Reinforced Concrete Engineering 
Christiani & Nielson. 

Considére Constructions, Ltd. 
Expanded Metal Co., Ltd. 

Frost, A. E. 

Hollows d^ noe (London), Ltd. 


заасан Во & Concrete Engineering 
Co., Ltd. 


Industrial Constructions, Ltd. 
ackaman, А., & Son, Ltd. 
nd, Peter, & Co. 
Reinforced Concrete Construction Co. 
Simon-Carves, L 1 


Trollope & Colls, L 

Trussed Concrete Steel Co., Ltd. 
Walker-Weston Co., Ltd. (Ltd. 
Yorkshire Hennebique Contracting Co., 


Consultant Designers. 
Coignet, Edmond, Ltd. 
Considére Constructions, Ltd, 


Fraser eee Chalmers Engineering Works. 
Crushers. 
Patent Lightning Crusher Co., Ltd. 


Distributing Plant. 
Milliken Bros. & Blaw-Knox, Ltd. 


Cowan Hulbert. 


Expansion Joints. 
. M. Callender & Co., Ltd. 


Ruberoid Co., Ltd 


Floors. 
Francois Cementation Co., Ltd. 
Forms (Metal). 
B re A., & Co. 
Milliken Bros. 4 Blaw-Knox, Ltd. 
Scaffolding (Great Britain) Ltd. 


Ruston & Hornsby, Ltd. 


А С.Е. Machinery, Ltd. 
British Steel Piling Co., Ltd. 
Byrd, A. A., & Co. 
Cowan Hulbert, г. 


Goodwin, Barsb Co., 144. 
Parker, Frederick, Ltd. 
Ransomes & Rapier, Ltd 
Stothert & Pitt, 

Mould Oil. 


Duckham, Alex., & Co., Ltd. 
Humble, Richard, & Son, Led. 


& Grease Co. 
Нақ Steel Piling Co., Ltd. 
Side Groove Steel Piling Supply C: 
Proofers. 
Sika, Ltd. 
Rei ent. 
B. & Т "Twisteel'" Reinforeme- 


энэн River Co., Ltd 

Self-Sentering Expanded Metal Co. L< 

Steel-Mesh Road Surface Co., Lit 

Trussed Concrete Steel 144. 

United Strip & Bar Mills, 

Walker-Weston Co., Ltd. 

Whitehead Їгоп & Steel Co., Ltd. 
Silicate of Soda. 

Brunner, Mond & Co., Ltd. 

Crosfield, Joseph, & Sons, Lid 


Wagons 
Robert Hudson, Ltd. 


Angio-Danish Concrete Construction бы Johnson's Reinforced Concrete Engineering Со... 144. = 
ted Portland Cement Manufacturers, Ltd xxiv, xxvii Kennedy, W .. 8 E 
A 0.5. Machinery, Ltd. . .. .. жа хх Lafarge Cement Co Led. . ice: 
Boyer, Wm. & Sons, Lid. 2. x vi Leeds ОЙ & Grease Co. .. `.. | 1л 
Portland Cement Manufacturers, Ltd. xxiv-xxvil Lind, Peter, & Co š " 
ae аке кшн Engineering Co., Ltd X, x ҮН MoGraw-Hill EM 
men О .. НТ . 
British Steel Piling Co., Ltd. — .. узш. Makes а & Жаш RM, DM: . 4 
& T " Twisteel ° Reinforcement, Ltd. xix хан : š 
Берде. wr & Со., Ltd. ET iii Parkar, F., Led. T m к 
Byrd, А. A., & Co. xi Crusher Co., Ltd. E n 
Sura d G, M., & Co., Ltd. e Б Т . шэн 
coment Marketing Оо. Led. xuiv-xxvii Portland Cement 8 Ding & Distributing Co., 144. ; к 
10 n PES 2% dicum. ee ee LJ 
Сагил Edmond, Ltd. ` 33 —  Priesman Bros., Ltd. 84 Эд Ё и 
Concrete Publications, Ltd. xxi, xxxiii Ransomes & Rapier, Led. 2% s ne 
Considére Constructions, Ltd. А vii Construction Oo. > ка 
Cowan Halbert 747 Rom River 00, Lid. .. 4% . : 
Crosfield, Joseph, & Sons, ta. ` us — "era er (Great Britain), dread ш : 111" 
Dorman, Long & Co., Ltd. . xxxviii -Sentering 3 = 
Duckham, Alexander, & Co., Ltd. ТЭЭ Que Meere Мон Ин Мру CE ME. th 
Barle, 0. & T. 144... ы: z4 Smeed Dean & 0o, Ltd. : ис 
wards Construction бо... тг pri r aad Lime Oo., ШМ. де mni 
Expanded Metal Cos 146: ,, Sieei-Mosh Road Ваве Co. Led. > 
Francois Cementation Co., Ltd. .. хх  Bterns, Ltd. . т 
Fraser & Chalmers Engineering Works vii — Stewart, J. & W.. i у = 
Frost, A. E.. xiii Stone Oourt Chalk, Land & Pier Co., Ltd. қ іш 
Goodacre, Wm. ы & бока. Lid. — Вок & Pitt, Lx : 3 ү 
Goodwin, Barsby & Со.. — uper Cement vs : nmi» 
Hardtmuth, L. & C. xxii Trent Concrete ex . іл 
Hardy & Padmore, Ltd. — 'Trussed Concrete Steel 0о., Ltd. .. : z! 
Helipebs, Ltd. xxi Portland Osment Co., Ltd. m 
ика & — T - Tarne Brothers Asbestos Со... Ltd. 5 .. ш 
olborough Cement Company, — United Strip & Bar Mills, Ltd. "ae ыл 
Holloway Bros. (London;, Ltd. .. xv | 
Holst, K., & Bid © dee be PN — Vickers, Ltd. TIPP 10 
Hudson, Robert, Ltd xliv — Walker-Weston бо. Ltd. . Lu 
Huntley & Sparks А 5 - 183664 Iron & Steel Со. 144. . 2 Iv. 
Indented Bar and Concrete Engineering 22 ша. хі Young & Son, Ltd. 153 
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Stone Court Chalk 


Land # Pier Co. Led. 


STONE COURT, 
GREENHITHE, KENT. 


Telegrams: "Quarrier, Greenhithe.” Telephone: Dartford 150. 


Pure White Chalk 


(Block or Small). 


Washed Pit Ballast and Sand 


Crushed to the following Grades : 

PIT BALLAST - . 21. down. 

99 99 T T 4 in. 99 

99 99 u T Ё in. 99 
SAND - : - - gin. , 
WASHED AND CRUSHED PIT BALLAST AND SAND IS . 
HARD, ANGULAR and WELL GRADED, and MAKES THE 
BEST AGGREGATE FOR CONCRETE. 


FOUNDRY LOAMS :—MILD, MEDIUM, STRONG. 


Deep Water Loading Jetty on River Thames, 
and Rail connection to S.E. & C. Ку. 


| London Office: 
50 Gresham Street, Bank, London, E.C.2 
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We are Specialists in 
the manufacture of 


TIPPING 
WAGONS 


of all sizes, from 
-ton capacity for 
narrow gauge, 
up to large self- 
tipping and self- 
righting wagons 
of 300 cubic feet 
capacity for 
standard rail 


Ww - : T 
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Our wide experience of the require- 
ments of quarries, limestone pits, 
cement manufacturers, contractors, WRITE FOR THE 


builders, etc., enables us to manu- 
facture Complete Equipment for HUDSON CATALOGUE. 
Industrial Railways. 


London Office : 
f Suffolk House, E. = = 
м ید‎ = LIMITED. = 


CANNON ST. ` | 
4 oe LEEDS 
E.C4. 92 ОК ноз. 


Telephone: Leeds 20004. Telegrams: ''Raletrux, Leeds,” 


Published by CONCRETE PUBLICATIONS, LTD., 20 Dartmouth Street, London, S.W.1, and 
Printed by BUTLER & TANNER LTD., The Selwood Printing Works, Frome and London. 
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